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INTRODUCTION 

Gulf  War  (GW)  veterans  continue  to  complain  of  short-term  memory  and  mood  problems 
many  years  following  their  return  from  the  Persian  Gulf.  Research  to  date  suggests  that  it  is 
unlikely  that  there  is  one  single  cause  for  GW  illness  but  rather  suggests  that  multiple  causes  in 
different  groups  of  veterans  is  the  likely  the  cause  of  continued  health  symptoms.  Suspected 
causes  for  GW  veterans  continued  health  complaints  include  additive  and/or  synergystic  effects 
of  the  varying  combinations  of  exposures  to  pesticides,  pyridostigmine  bromide  (PB),  low-level 
nerve  agents,  and  psychological  trauma.  In  our  lab,  research  evaluating  the  effects  of 
pyridostigmine  bromide  (PB  )  exposure  on  neuropsychological  functioning  in  GW  veterans,  found 
significantly  lower  performance  on  tasks  assessing  executive  system  functioning  in  the  PB 
exposed  GW  veterans  compared  with  controls  (Sullivan  et  al.,  2003).  Pesticide  exposure  has  been 
associated  with  mood  decrements  and  residual  effects  many  years  after  exposure  in  a  large 
longitudinal  cohort  of  GW  veterans  (White  et  al.,  2001).  In  addition,  potential  low-level  nerve 
agent  exposure  (from  Khamisiyah  weapons  arsenal)  has  been  associated  with  mood  complaints 
and  executive  system  decrements  in  GW  veterans  (White  et  al.,  2001). 

It  has  been  documented  that  many  pesticides  are  neurotoxicants  as  are  PB  and  nerve 
agents.  Two  subsets  of  these  chemicals,  organophosphates  (OP)  and  carbamates,  are  known  to 
produce  chronic  neurological  symptoms  at  sufficient  exposure  levels.  For  example,  studies  of 
agricultural  workers  and  professional  pesticide  applicators  have  found  lasting  deficits  in 
neurological  and  cognitive  functioning  resulting  in  decreased  processing  speed  and  mood 
complaints  (Stephens  et  al.,  1995;  Steenland  et  al.,  1994). 

It  is  the  goal  of  this  study  to  further  evaluate  the  role  of  pesticides  in  the  development  of  CNS 
symptoms  reported  by  GW  veterans  and  to  assess  the  additive  and/or  synergistic  effects  of 
combinations  of  chemical  exposures  and  stress.  This  will  be  accomplished  by  assessing  a  group 
of  military  pesticide  applicators  with  known  chemical  exposures.  It  is  hypothesized  that 
applicators  with  high  exposures  will  perform  significantly  worse  on  specific  cognitive  and 


4 


M.  Krengel,  Ph.D.  &  K.  Sullivan,  Ph.D. 


neurological  measures  and  report  more  health  symptom  complaints  than  a  group  of  GW  military 
personnel  with  very  little  pesticide  exposure.  It  is  also  hypothesized  that  multiple  chemical 
exposures  (PB,  pesticides,  low-level  nerve  agents)  will  be  synergistic  and/or  additive  in  terms  of 
decreased  cognitive  and  neurological  functioning. 

The  specific  aims  of  this  study  are:  (1)  To  determine  the  cognitive  and  neurological  effects  of 
pesticide  exposure  in  specific  groups  of  GW  veterans  (2)  To  determine  the  cognitive  and 
neurological  effects  of  PB  exposure  in  specific  groups  of  pesticide  exposed  GW  veterans  (3)  To 
assess  for  interaction  effects  in  GW  veterans  with  multiple  chemical  exposures  (PB,  pesticides, 
low-level  nerve  agents). 
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Body 


The  approved  statement  of  work  for  the  entire  study  period  is  below: 

STATEMENT  OF  WORK 

Neuropsychological  Functioning  in  Gulf  War  Veterans  Exposed  to  Pesticides  and 

Pyridostigmine  Bromide. 

Task  1.  Develop  Plan  for  Subject  Recruitment  Months  1-6: 

a.  Locate  and  obtain  previous  exposure  interviews  from  a  group  of  Gulf  War  veteran  pest- 
control  interviewees  (PCI)  previously  contacted  by  Office  of  the  Special  Assistant  to  the 
Under  Secretary  of  Defense  for  GW  illnesses  (OSA)  in  1997-1998  (months  1-3). 

b.  SRBI,  an  independent  contracting  company  (with  an  80%  success  rate)  will  contact  all 
PCIs  and  obtain  current  address  and  administer  a  brief  follow-up  questionnaire  (months 

3- 4). 

c.  Categorize  PCIs  into  high  and  low  exposure  groups  for  pesticides  and  pyridostigmine 
bromide  (PB)  exposure  (months  3-5). 

d.  Identify  pool  of  potential  subjects  for  each  of  four  exposure  categories  to  recruit  (months 

4- 5). 

e.  Screen  potential  subjects  for  exclusion  criteria  (months  5-6). 

Task  2.  Perform  Subject  Recruitment  and  Data  Collection  Months  6-42: 

a.  Study  coordinator  will  contact  potential  subjects  for  recruitment  and  arrange  for  travel  to 
multiple  study  sites  (months  6-42). 

b.  Perform  cognitive  evaluations  and  psychodiagnostic  interviews  from  160  study 
participants  (months  6-42). 

c.  Obtain  information  about  current  health  status,  environmental  and  occupational 
exposures,  medical  or  psychological  treatments,  and  any  recent  medical  or  psychiatric 
diagnoses  for  all  study  subjects  (months  6-42). 

Task  3.  Data  Collection  and  Interim  Analyses,  Months  18-42: 

a.  Data  entry  of  all  questionnaires  and  evaluations  and  quality  control  measures  will  be 
ongoing  (months  18-42). 

b.  Interim  Statistical  analyses  of  data  obtained  from  cognitive  evaluations  and  questionnaire 
data  will  be  performed  periodically  (months  18-42). 

c.  Exposure  assessment  analyses  for  pesticides  and  PB  will  be  ongoing 
(months  18-42). 

d.  Annual  reports  of  progress  will  be  written  (12-36). 

Task  4.  Final  Analysis  and  Report  Writing,  Months  42-48: 

a.  Analyze  subject  characteristics  of  individuals  who  were  lost  to  follow-up 
(months  42-44). 

b.  Write  final  study  report  and  prepare  manuscripts  for  submission 
(months  44-48). 


The  statement  of  work  for  years  1-3  is  below.  The  statement  of  work  for  year  1  primarily  describes 
the  completion  of  the  start-up  phase  of  the  study  including  obtaining  the  study  sample  from  a  group  of 
pest  control  interviewees  (PCIs)  previously  interviewed  by  the  Deployment  Health  Support  Directorate 
(DHSD),  to  obtain  current  contact  information  for  the  PCIs  and  administer  a  brief  follow-up 
questionnaire  with  these  individuals.  In  year  2,  the  plan  was  to  recruit  58  study  participants  for  the  study 
protocol  including  cognitive  evaluations,  psychological  interviews  and  exposure  questionnaires  and 
perform  data  entry  and  cleaning,  and  preliminary  analyses  of  the  data.  The  total  recruitment  for  year  2 
was  47  study  participants.  The  recruitment  goal  for  year  3  included  61  study  participants 

(50  for  the  initial  projections  and  1 1  from  the  year  2  goal).  The  total  recruitment  for  year  3  was  60  study 
participants  bringing  the  total  recruitment  effort  to  1 19  subjects  (out  of  120  projected). 

Statement  of  work  for  Years  1,  2  and  3: 

Task  1.  Develop  a  Plan  for  Subject  Recruitment  (as  stated  above): 

a.  Locate  and  obtain  records  of  PCI  surveys  from  the  Deployment  Health  Support  Directorate 
(formerly  the  OSA)  conducted  in  1997-1998. 

b.  Contract  with  an  outside  survey  company,  SRBI,  to  contact  PCIs  and  obtain  current  address  and 
administer  a  brief  follow-up  questionnaire. 

c.  Categorize  PCIs  into  high  and  low  exposure  groups  based  on  the  telephone  surveys. 

d.  Identify  pool  of  potential  subjects  for  each  of  four  exposure  categories  to  recruit. 

e.  Screen  potential  subjects  for  exclusion  criteria. 

Task  2.  Perform  Subject  Recruitment  and  Data  Collection  (specific  to  year  3): 

a.  Recruitment  of  61  additional  study  subjects  and  arrange  for  travel  to  multiple  study  sites 

b.  Perform  cognitive  evaluations  and  psychodiagnostic  interviews  with  61  additional  study  participants 

c.  Obtain  information  about  current  health  status,  environmental  and  occupational  exposures,  medical 
or  psychological  treatments,  and  any  recent  medical  or  psychiatric  diagnoses  for  61  additional  study 
subjects  by  study  questionnaires. 

Task  3.  Data  Collection  and  Interim  Analyses 

a.  Data  entry  of  all  questionnaires  and  evaluations  and  quality  control  measures  will  be  ongoing 

b.  Interim  statistical  analyses  of  data  obtained  from  cognitive  evaluations  and  questionnaire  data  will  be 
performed  periodically. 
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c.  Exposure  assessment  analyses  for  pesticides  and  PB  will  be  ongoing. 

d.  Annual  reports  of  progress  will  be  written. 

Task  la.  Locate  and  obtain  records  of  PCI  surveys  from  the  Deployment  Health 
Support  Directorate  (formerly  OSAGWI)  conducted  in  1997-1998. 

The  Pesticides  Environmental  Exposure  Report  (www.gulflink.osd.mil)  commissioned  by 
the  Deployment  Health  Support  Directorate  provided  estimates  of  exposure  for  general  deployed 
military  and  separately  for  pesticide  applicators  from  the  Gulf  War  based  on  interviews  with  the 
current  study  sample  of  pesticide  applicators  and  preventive  medicine  specialists  and  a  review  of 
DOD  pesticide  records. 

The  term  "pest  control  interviewee"  (PCI)  refers  to  any  of  the  298  personnel  interviewed 
by  the  Office  of  the  Special  Assistant  for  Gulf  War  Illnesses  (OSAGWI)  in  the  course  of  the 
"preventive  medicine"  (PM),  "delousing,"  and  other  interviews  described  in  OSAGWI's 
Pesticides  Environmental  Exposure  Report.  OSAGWI  chose  to  interview  these  individuals 
because  it  was  believed  that  they  would  be  the  most  likely  to  have  knowledge  of  pesticide 
products  used  in  the  Army,  Navy,  Air  Force,  and  Marines.  They  were  identified  based  on 
military  occupational  specialty  (MOS)  codes.  PCIs  include  physicians,  entomologists, 
environmental  science  officers,  preventive  medicine  specialists,  field  sanitation  team  members, 
military  police,  and  other  pest  controllers.  OSAGWI  has  since  been  renamed  the  Deployment 
Health  Support  Directorate  (DHSD). 

The  current  study  is  an  examination  of  the  CNS  effects  of  neurotoxicant  exposure  in  pest 
control  interviewees  (PCI)  with  known  neurotoxicant  exposures  as  a  result  of  their  tour  of  duty  at 
the  time  of  the  Gulf  War.  PCI’s  comprise  specific  groups  of  GW  veterans  likely  to  fall  into  high 
and  low  categories  of  pesticide  exposure  based  on  their  military  occupational  specialty  (MOS)  or 
designation.  Each  potential  participant  previously  completed  a  pesticide  interview  that  included 
self-report  measures  of  exposures  to  neurotoxicants  while  in  the  Gulf  region.  PCI  contact 
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information  and  interview  data  (conducted  in  1997-1998)  were  provided  to  the  Principal 
Investigator  by  Dr.  Michael  Kilpatrick,  M.D.,  Deputy  Director  of  the  Deployment  Health  Support 
Directorate  (previously  known  as  OSAGWI)  through  their  System  of  Records  Notice  which 
permits  release  of  records  to  the  Veterans  Administration.  The  DHSD  released  the  records  to  the 
VA  Boston  Healthcare  System  through  a  Memorandum  of  Understanding  (MOU).  The  MOU 
provided  assurances  from  the  VA  Boston  Healthcare  System  and  the  Boston  Environmental 
Hazards  Center  (a  joint  program  of  the  VA  Boston  Healthcare  System  and  Boston  University). 


The  MOU  states: 

1)  The  released  PCI  records  will  only  be  used  for  the  puiposes  of  the  current  study 

2)  Only  study  personnel  will  have  access  to  the  released  records 

3)  The  released  information  will  be  safeguard  to  preserve  the  confidentiality  of  the  data 

4)  Any  personal  identifiers  will  be  removed  from  any  interim  and  final  reports  that  are  prepared 
as  a  consequence  of  this  study. 


The  PCI  interview  records  were  used  in  conjunction  with  current  interview  data  to  categorize 
individuals  into  high  and  low  pesticide  and  PB  (pyridostigmine  bromide)  exposure  categories.  In 
addition,  these  interviews  have  also  been  used  in  conjunction  with  the  current  exposure 
questionnaires  to  perform  dose- estimates  for  pesticides  and  PB.  Mr.  William  Bradford,  lead 
author  of  the  Pesticides  Environmental  Exposure  Report,  will  continue  to  assist  with  these  dose- 
estimates  in  year  4. 

Task  1  b.  SRBI,  an  independent  contracting  company  will  contact  PCIs  and  obtain  current  address  and 
administer  a  brief  follow-up  questionnaire. 

An  outside  research  firm  (Schulman,  Ronca,  &  Bucuvalas,  Inc.,  SRBI)  with  extensive 
experience  collecting  data  from  veterans  of  the  U.S.  Armed  Forces  was  subcontracted  to  obtain 
current  telephone  numbers  and  addresses  for  the  PCIs  and  to  administer  a  brief  follow  -up 
questionnaire  by  telephone.  The  recruitment  process  was  as  follows:  PCIs  were  sent  a  letter  from 
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the  PI  explaining  that  SRBI  would  be  contacting  them  to  conduct  a  brief  telephone  interview  and 
obtain  their  current  contact  information  for  the  study.  A  postage  paid  opt-out  postcard  was 
included  with  this  introduction  letter.  If  the  PCI  elected  to  return  this  postcard,  there  was  no 
further  contact  with  this  individual  for  the  study.  If  a  postcard  was  not  returned  to  the  study  staff, 
SRBI  attempted  to  contact  the  PCI  and  determine  if  they  wished  to  participate  in  the  brief 
interview  regarding  their  pesticide  and  PB  exposures  during  the  Gulf  War.  Ten  individuals 
returned  the  opt-out  postcards  and  were  not  contacted  further  for  this  study.  From  the  remaining 
list,  SRBI  was  successful  in  completing  1 60  telephone  interviews  with  PCIs  regarding 
neurotoxicant  exposures  resulting  in  a  live  refusal  rate  of  just  seven  percent.  SRBI  was  also  able 
to  find  current  contact  information  for  all  293  PCIs  and  identify  that  one  PCI  was  deceased. 

The  study  design  is  presented  in  the  figure  below  followed  by  tables  of  demographic  information 
computed  from  the  SRBI  telephone  interview  data. 


Figure  1.  Pesticide  Study  Assessment  Design 
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From  the  SRBI  telephone  interviews,  demographic  and  exposure  data  was  collected  from 
each  responding  PCI.  The  demographic  information  is  reported  in  table  1.  From  this  group  of  160 
study  respondents,  140  were  male  and  20  were  female.  The  average  age  for  the  group  of  Gulf 
War  veterans  was  48  years  old  and  the  group  was  largely  Caucasian  (85%).  The  most  commonly 
reported  current  health  problems  reported  by  these  study  participants  were  hypertension, 
cardiovascular  disease,  arthritis,  asthma,  back  and  joint  pain,  skin  rash  and  memory  problems. 
When  broken  down  into  groups  based  on  high  and  low  groups  for  pesticides  and  PB,  the  only 
notable  differences  were  found  in  increased  reporting  of  hypertension  (12  vs.  6  PCIs), 
cardiovascular  disease  (6  vs.  2  PCIs)  and  arthritis  (6  vs.  1  PCI)  in  the  high  pesticide  group 
compared  with  the  low  pesticide  group.  While  the  high  and  low  PB  groups  did  not  appear  to 
differ  very  much  with  respect  to  health  symptom  reporting  from  this  brief  health  query  included 
in  the  telephone  interviews.  The  larger  study  questionnaire  with  more  in-depth  questions 
regarding  medical  diagnoses  will  help  to  better  characterize  these  groups  in  terms  of  health 
outcomes  and  show  their  significance.  The  demographic  breakdown  of  the  SRBI  surveys  is 
reported  in  table  1 . 
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Table  1.  Demographic  Breakdown  for  SRBI  Survey  Respondents 


Gender 

Frequency 

Percent 

Male 

140 

87.5 

Female 

20 

12.5 

Total 

160 

o 

o 

Current  Age  for  SRBI  Survey  Respondents 

Minimum 

Maximum 

Mean 

33 

74 

48 

Ethnicity  for  SRBI  Survey  Respondents 

Ethnicity 

Frequency 

Percent 

African  American 

12 

7.5 

Asian  American 

3 

1.9 

Caucasian 

136 

85.0 

Hispanic  American 

6 

3.8 

Other 

3 

1.9 

Health  Symptom  Self-report  for  SRBI  Respondents 

Symptom 

Frequency 

Percent 

Hypertension 

23 

14 

Cardiovascular  Disease 

11 

7 

Arthritis 

12 

8 

Asthma 

10 

6 

Back  Pain 

11 

7 

Joint  Pain 

13 

8 

Skin  Rash 

14 

9 

Memory  Problems 

14 

9 
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Task  1  c.  Categorize  PCIs  into  high  and  low  exposure  groups  for  pesticides  and  pyridostigmine 
bromide  (PB)  exposure. 

Pesticides  were  used  widely  in  the  Gulf  War  to  protect  troops  from  such  pests  as  sand  flies, 
mosquitoes  and  fleas  that  can  carry  the  infectious  diseases  leishmaniasis,  sand  fly  fever  and 
malaria.  Indeed,  of  the  nearly  700,000  US  troops  deployed  to  the  Gulf  region,  only  40  cases  of 
infectious  diseases  were  documented  (Winkenwerder  Jr,  W.,  2003).  US  forces  used  pesticides  in 
areas  where  they  worked,  slept,  and  ate  throughout  the  GW.  In  fact,  on  any  given  day  during  their 
deployment,  GW  veterans  could  have  been  exposed  to  15  pesticide  products  with  12  different 
active  ingredients  and  pesticide  applicators  were  likely  exposed  to  more  pesticide  products  and  at 
higher  doses.  Troops  used  pesticides  for  a  number  of  reasons,  including  personal  use  on  the  skin 
and  uniforms  as  an  insect  repellent,  as  area  sprays  and  fogs  to  kill  flying  insects,  in  pest  strips  and 
fly  baits  to  attract  and  kill  flying  insects,  and  as  delousing  agents  applied  to  enemy  prisoners  of 
war.  These  widespread,  commonly  reported  uses  supported  the  decision  by  the  OSAGWI  to 
investigate  pesticide  exposures  as  a  potential  contributor  to  unexplained  illnesses  in  GW  veterans. 

According  to  the  OSAGWI  report,  the  pesticides  of  potential  concern  (POPCs)  used  by  US 
military  personnel  during  the  GW  can  be  divided  into  five  major  classes  or  categories:  1) 
organophosphorus  pesticides  (OP),  such  as  malathion  and  chlorpyrifos;  2)  carbamate  pesticides, 
such  as  bendiocarb;  3)  the  organochlorine,  lindane;  4)  pyrethroid  pesticides,  such  as  permethrin; 
and  5)  the  insect  repellent  DEET  (see  figures  2  through  4).  A  recent  review  of  thousands  of 
pesticides  as  part  of  the  Food  Quality  Protection  Act  by  the  Environmental  Protection  Agency 
(EPA)  has  resulted  in  the  re-evaluation  of  the  safety  of  some  OP  pesticides  resulting  in  the 
restricted  use  or  banning  of  several  of  the  most  commonly  used  chemicals  including  chlorpyrifos, 
diazinon  and  malathion.  As  part  of  this  sweeping  pesticide  review,  the  EPA  also  suggested  that 
some  OP  pesticides  may  have  endocrine  disrupting  properties.  For  example,  malathion  was 
reported  to  affect  thyroid  functioning  and  to  be  associated  with  thyroid  tumors  in  this  report 
(www.epa.gov/pesticides/cumulative/rra-op). 
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Figure  2.  Pesticide  use  and  Application  Overview. 


Pesticide  Use  and  Application  Overview 


Repellents 
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Fly  Baits 
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Repel  flies  and  mosquitoes 


Knock  down  spray,  kill  files  and 
mosquitoes 


Attract  and  kill  flies 


Attract  and  kill  mosquitoes 


Kill  flies,  mosquitoes,  crawling 
insects 


Sprayed  Powder  Kill  flies,  mosquitoes,  crawling 

(wettable  powder,  WP)  insects 


(Ultra- Low  Volume  Fogs,  Kill  flies,  mosquitoes 

ULVs) 


Delousing  Pesticide  Kill  lice 


DEET  33%  cream/stick 

DEET  75%  Liquid 

Permethrin  0.5%  (P)  Spray 

d-Phenothrin  0.2%  (P) 
Aerosol 

Methomyl  1  %  (C)  Crystals 

Azamethiphos  1%  (OP) 
Crystals 

Dichlorvos  20%  (OP)  Pest 
Strip 


Chlorpyrifos  45%  (OP)  Liquid 


Diazinon  48%  (OP)  Liquid 


Malathion  57%  (OP)  Liquid 


Propoxur  14.7%  (C)  Liquid 


Bendiocarb  76%  (C)  Solid 


Chlorpyrifos  19%  (OP)  Liquid 


Malathion  91%  (OP)  Liquid 
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Figure  3.  Active  ingredients  in  pesticides  of  potential  concern. 


Active  ingredients  contained  in 
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Figure  4.  Applicator  exposure  levels  reaching  levels  of  concern 


Applicator  personnel  additional 
exposures  which  exceeded  the 
levels  of  concern 


Pesticide 

Active  Ingredient/Class 

Exposure  Scenario 

Chlorpyrifos  (OP) 

High 

Sprayed  liquids 

Diazinon  (OP) 

Medium,  High 

Malathion  (OP) 

High 

Sprayed  powders 

Bendiocarb  (C) 

Low,  Medium,  High 

Fogs 

Chlorpyrifos  (OP) 

High 

Malathion  (OP) 

High 

Delousing 

Lindane  (OC) 

Medium,  High 

OP  =  Organophosphate 
C  =  Carbamate 
OC  =  Organochlorine 

*Lindane  use  also  may  increase  the  risk  of  cancer 
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Guidelines  for  pesticide  and  PB  exposure  are  presented  in  the  tables  2  and  3  and  were  used  to  classify 
participants  into  high  and  low  exposure  categories  based  on  prior  OSAGWI  interviews  and  current 
interviews  conducted  by  SRBI. 


Table  2.  Guidelines  for  Pesticides 
Low  exposure 

An  individual  is  assigned  to  the  low-exposure  category  for  pesticides  if  he  or  she  does  not  fit 
the  guidelines  for  high  exposure,  as  described  below.  For  example,  an  individual  exposed  to 
pyrethroids  other  than  via  fogs,  but  no  other  pesticides,  would  be  assigned  to  a  low  pesticide 
exposure  group. 

High  exposure 

An  individual  is  assigned  to  the  high-exposure  category  for  pesticides  if  any  of  the  following 
apply: 

1)  PCI  reported  experiencing  acute  signs  and/or  symptoms  of  pesticide  overexposure,  other 
than  minor  skin  irritation,  at  least  once.  A  general  statement,  such  as  "became  ill"  will 
qualify. 

2)  PCI  probably  applied  pesticides  from  any  of  the  following  groups  on  two  or  more 
occasions:  organophosphate  (OP)  emulsifiable  concentrate  (EC)  or  ultra  low  volume  (ULV) 
products,  carbamate  ECs  or  powders,  lindane  used  for  enemy  prisoners  of  war  (EPWs),  fly 
baits  (>2  pounds  handled),  and/or  fogs.  PCI  may  or  may  not  have  worn  adequate  personal 
protective  equipment  (PPE). 

3)  PCI  was  probably  present  during  applications  of  OP  ECs/ULVs,  carbamate  ECs/powders, 
DDT,  and/or  fogs  on  two  or  more  occasions. 

4)  PCI  probably  spent  at  least  1  week  living/working  in  structures  treated  inside  with  OP 
and/or  carbamate  ECs,  ULVs,  powders,  DDT,  and/or  pest  strips,  and  likely  experienced 
substantial  post-application  exposure. 

5)  PCI  probably  applied  DEET  to  self  at  least  30  times.  PCI  must  provide  enough 
information  to  conclude  that  usage  was  equivalent  to  or  above  this  level.  DEET  application 
30  times  per  month  is  the  25th  percentile  value  determined  by  the  RAND  (2000)  survey  for 
ground  forces  who  used  DEET  (50%  reported  no  use). 
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Table  3.  Guidelines  for  PB 
Low  exposure 

An  individual  is  assigned  to  the  low-exposure  category  for  PB  if  no  acute  signs  and/or 
symptoms  of  exposure  were  reported  and  any  of  the  following  apply: 

1)  The  individual  reported  not  using  PB. 

2)  The  total  dose  reported  was  less  than  or  equal  to  180  mg  PB  active  ingredient. 

3)  The  individual  reported  using  PB,  but  could  not  recall  sufficient  details  to  conclude  that 
the  dose  was  probably  greater  than  1 80  mg  PB  active  ingredient. 

High  exposure 

Individuals  are  assigned  to  the  high-exposure  category  for  PB  if  either  of  the  following  apply: 

1)  The  total  dose  was  probably  greater  than  180  mg  PB  active  ingredient. 

2)  The  individual  reported  taking  any  PB  and  also  reported  experiencing  acute  signs  and/or 
symptoms  of  exposure. 


PB  and  pesticide  exposure  were  categorized  as  high  and  low  based  on  the  previous 
OSAGWI  interviews  and  the  current  SRBI  interviews.  From  these  interviews,  97  PCIs  were 
categorized  in  the  high  pesticide  exposure  group  and  63  PCIs  were  categorized  in  the  low 
pesticide  exposure  group  and  81  PCIs  were  categorized  in  the  high  PB  group  and  79  PCIs 
were  categorized  in  the  low  PB  group.  Additional  categorization  for  pesticide  and  PB 
exposure  and  Khamisiyah  notification  (identifying  those  potentially  exposed  to  chemical 
weapons)  are  listed  in  table  4. 
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Table  4.  PB  and  Pesticide  Exposure  Categories 


Self- reported  PB  Exposure  during  the  Gulf  War 

Frequency 

Percent 

Yes 

118 

74 

No 

33 

20 

Don’t  Know 

9 

6 

Total 

160 

100 

Self-reported  Pesticide  Exposure  during  the  Gulf  War 

Frequency 

Percent 

Yes 

122 

76 

No 

30 

19 

Don’t  Know 

8 

5 

Total 

160 

100 

Exposure  Categories  for  PB  and  Pesticides 

PB 

Pesticides 

Low 

79 

63 

High 

81 

97 

Total 

160 

160 

Khamisiyah  Weapons  Depot  Notification 

Frequency 

Percent 

Yes 

59 

37 

No 

101 

63 

Total 

160 

100 
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Task  1  d.  Identify  pool  of  potential  subjects  for  each  of  four  exposure  categories 
to  recruit. 


Combining  the  previously  described  high  and  low  exposure  groups  for  the  pesticide  and 
PB  groups  allowed  for  four  category  groupings  (table  5).  The  categories  include  high 
pesticide  and  high  PB  exposure,  high  pesticide  and  low  PB,  low  pesticide  and  high  PB,  and 
low  pesticide  and  low  PB.  The  goal  of  the  study  was  to  recruit  40  study  participants  from 
each  of  the  four  exposure  categories  with  the  study  participants  sequentially  assigned  to  one 
of  the  four  study  groups  based  on  exposure  combination.  However,  the  high  pesticide/low 
PB  (n  =37)  and  the  low  pesticide/high  PB  (n  =  20)  groups  appear  to  be  smaller  than 
expectation  and  may  not  allow  for  such  large  groupings  (table  5).  However,  analyses 
controlling  for  different  exposure  groups  will  be  employed  to  control  for  different  group  sizes 
if  necessary. 


Table  5.  Four  Exposure  Categories  for  PB  and  Pesticides 


Pesticide  categories 

PB  categories 

Low 

High 

Total 

Low 

42 

37 

79 

High 

20 

61 

81 

Total 

62 

98 

160 
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Task  1  e.  Screen  potential  subjects  for  exclusion  criteria. 

The  exclusion  criteria  for  this  study  include  current  substance  abuse,  substantial  traumatic 

brain  injury  or  other  documented  neurological  illness  precluding  the  use  of  a  computer.  Prior 
substance  abuse  and  current  medications  are  recorded  but  do  not  constitute  exclusion  criteria. 

These  exclusion  criteria  were  chosen  so  that  study  participants  who  may  perform  poorly  on 
cognitive  testing  for  known  reasons  other  than  environmental  exposures  could  be  screened 
out  to  prevent  potential  study  confounders. 

From  the  SRBI  telephone  interviews,  a  review  of  reported  health  symptoms  was 
performed  and  no  participant  from  these  interviews  reported  significant  head  injury  or  other 
significant  neurological  illness  that  might  interfere  with  performing  the  cognitive  and 
computer  testing  parts  of  the  study  protocol.  There  was  one  case  who  reported  a  history  of  an 
acoustic  neuroma  recently  removed,  one  case  of  multiple  sclerosis  (MS)  and  two  cases  of 
mini -stroke  or  transient  ischemic  attack  (TIA).  However,  all  of  these  study  participants  were 
able  to  complete  the  entire  study  protocol.  In  the  28  recruitment  trips  conducted  to  date,  none 
of  the  study  participants  were  screened  out  based  on  these  criterion. 

Subject  recruitment  is  ongoing  and  PCIs  consenting  to  participate  are  asked  questions  to 
determine  whether  they  meet  preliminary  inclusion  criteria  for  the  study  (that  is,  that  they 
participated  in  the  OSAGWI  interviews  (1997-1998),  are  not  currently  in  treatment  for 
substance  abuse,  do  not  have  sensory  or  motor  impairments  precluding  use  of  the  computer, 
and  did  not  sustain  a  serious  brain  injury.  Screening  for  exclusion  criteria  occurs  during  the 
telephone  recruitment  phase  of  the  study  and  will  be  ongoing  during  the  study  recruitment 
efforts. 
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Task  2a.  Recruitment  of  61  study  subjects  and  arrange  for  travel  to  multiple  study 
sites. 


Sixty  participants  were  recruited  during  year  3  and  completed  the  study  protocol 
(cognitive  evaluation,  psychological  interviews  and  exposure  questionnaires).  This  group 
included  52  men  and  6  women  including  5  active  duty  personnel  and  55  veterans.  Combined 
with  the  years  1  &  2  recruitment  totals  of  12  and  47  study  participants,  a  total  of  1 19  study 
participants  have  been  recruited  to  date.  Subject  recruitment  efforts  are  presented  in  the  table 
below.  Seven  additional  subjects  were  interested  in  participating  in  our  study  but  either  had 
schedule  conflicts  during  our  recruitment  trip  to  their  area  (n  =  1),  became  unexpectedly  ill 
and  had  to  cancel  their  appointment  with  us  (n  =  2)  or  cancelled  for  no  stated  reason  (n  =  4). 


Table  6.  Subject  Recruitment  Efforts  for  Years  1  -3 

Study  Year 

Frequency 

Projected 

Percent 

Year  1 

12 

20 

60% 

Year  2 

47 

50 

94% 

Year  3 

60 

50 

110% 

Total  recruitment 

119 

120 

99% 

During  year  3,  recruitment  trips  were  conducted  in  Washington  State,  North 
Carolina,  South  Carolina,  Wisconsin,  Colorado,  Nebraska,  Kansas,  Oregon,  California, 
Florida,  Michigan,  Alabama,  Mississippi,  Virginia  and  Georgia.  In  total,  120  study  subjects 
were  originally  projected  to  be  recruited  for  Years  1-3,  and  a  99  percent  recruitment  rate  was 
achieved  for  total  recruitment  with  only  eight  individuals  declining  to  participate.  These 
recruitment  trips  were  successful  with  only  seven  cancellations  of  scheduled  participants. 
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See  figure  2  below  for  a  map  of  states  visited  for  recruitment  efforts  to  date. 


figure  2.  Recruitment  trips  for  years  1-  3. 


Although  the  current  address  for  each  PCI  was  obtained  by  SRBI  during  their 
telephone  interviews,  we  have  found  that  many  of  the  PCIs  are  quite  mobile  and  have  moved 
to  different  states  from  their  previous  SRBI  interview  residence.  However,  using  internet  and 
telephone  searches  and  interagency  agreements  for  address  searches,  we  were  able  to  find 
correct  addresses  for  most  of  the  potential  study  participants.  In  addition,  five  of  the  active 
duty  personnel  had  been  deployed  oversees  or  activated  domestically  to  aid  in  hurricane  relief 
and  were  subsequently  not  able  to  participate  in  the  study  during  year  2  of  the  study.  We  were 
however  able  to  recruit  5  additional  active  duty  personnel  to  participate  in  the  study  during 
year  3  for  a  total  of  8  active  duty  study  participants  (out  of  14  total).  The  recruitment  strategy 
will  continue  to  target  the  more  populated  areas  first  in  order  to  make  the  most  use  of  travel 
funds  and  will  likely  include  revisiting  states  that  were  previously  visited  due  to  PCIs  moving 
from  one  state  to  another  during  the  time  of  the  study.  The  next  planned  recruitment  trips  will 
include  Texas,  New  Mexico,  Florida,  Arkansas,  Missouri,  Georgia,  North  Carolina  and 
Tennessee.  We  also  plan  to  continue  to  use  internet  and  other  available  telephone  searches  to 
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obtain  current  residences  for  participants  who  may  have  recently  moved.  It  is  anticipated  that 
the  recruitment  of  41  additional  study  participants  (40  projected  for  Year  4  plus  1  from  Year 
3  projections)  will  be  obtainable  by  the  end  of  Year  4  for  a  final  total  of  160  recruited  study 
participants.  Given  the  favorable  response  from  the  first  three  years  of  recruitment  efforts, 
significant  difficulties  with  subject  recruitment  are  not  anticipated  at  this  time  although 
additional  smaller  recruitment  trips  will  likely  be  necessary  to  achieve  this  final  recruitment 
goal  for  year  4. 

The  exposure  classifications  are  presented  below  and  include  83  high  pesticide,  36 
low  pesticide,  and  68  high  PB,  51  low  PB  categories. 


Table  7.  Exposure  Classifications  for  First  119  Study  Participants 


Pesticide  Categories 

PB  categories 

Low 

High 

Total 

Low 

18 

33 

51 

High 

18 

50 

68 

Total 

36 

83 

119 

23 


M.  Krengel,  Ph.D.  &  K.  Sullivan,  Ph.D. 


Table 

8.  PCI 

Current  Residence  by  State 

AL 

4 

MS 

3 

AR 

6 

MT 

1 

AZ 

3 

NC 

15 

CA 

7 

NE 

3 

CO 

7 

NH 

1 

CT 

1 

NJ 

1 

DC 

1 

NM 

5 

DE 

1 

NV 

2 

FL 

22 

NY 

5 

GA 

15 

OH 

2 

HI 

2 

OK 

3 

IA 

1 

OR 

1 

IL 

4 

PA 

12 

IN 

3 

SC 

4 

KS 

4 

TN 

16 

KY 

3 

TX 

24 

LA 

1 

UT 

1 

MA 

1 

VA 

12 

MI 

8 

WA 

14 

MN 

10 

WI 

10 

MO 

22 

Active 

Duty  14 

Recruitment  Methodology 

When  recruiting  study  participants,  the  PI  or  study  staff  contact  PCIs  participating  in  the 
SRBI  interviews  to  describe  the  study  and  establish  whether  the  PCI  will  participate  in  the 
cognitive  evaluation.  The  initial  contact  with  the  study  staff  consists  of  a  description  of  the 
study,  describing  the  types  of  assessment,  time  required,  and  reimbursement  for  their  time 
and  effort.  Subjects  have  an  opportunity  to  ask  questions  about  the  procedure.  They  are 
informed  that  whether  or  not  they  participate  will  have  no  bearing  on  their  medical  care  and 
that,  if  they  choose  to  participate,  they  may  withdraw  at  any  time  without  prejudice.  They  are 
asked  to  indicate  whether  they  wish  to  participate,  wish  not  to  participate,  or  wish  to  defer 
this  decision.  In  the  latter  case  they  are  asked  whether  we  may  contact  them  again  to 
determine  their  decision.  Gulf  War  veterans  who  are  currently  on  active  duty  are  contacted  at 
home  in  the  evening  hours  and  will  not  be  contacted  during  duty  hours.  Active  duty  PCIs  are 
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not  compensated  for  their  participation  as  there  are  restrictions  on  compensation  to  active 
duty  personnel.  PCIs  consenting  to  participate  are  asked  questions  to  determine  whether  they 
meet  preliminary  inclusion  criteria  for  the  study  (that  is,  that  they  participated  in  the 
OSAGWI  interviews  (1997-1998),  are  not  currently  in  treatment  for  alcohol  or  other 
substance  abuse,  do  not  have  sensory  or  motor  impairments  precluding  use  of  the  computer, 
and  did  not  sustain  serious  brain  injury).  Prior  substance  abuse  and  current  medications  are 
recorded  but  do  not  constitute  exclusion  criteria.  An  appointment  during  one  of  the  field  trips 
is  scheduled  for  subjects  agreeing  to  participate.  PCI  veterans  retained  in  the  study  sample 
are  presented  the  study  consent  form  for  signature.  The  study  methodology  is  presented  in 
figure  5. 

Figure  5.  Recruitment  Methodology. _ 


Pesticide  Study  Assessment  Method 
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Task  2b.  Perform  cognitive  evaluations  and  psychodiagnostic  interviews  with  61  participants 

The  goal  for  year  3  was  to  recruit  and  perform  cognitive  and  psychodiagnostic 


interviews  with  61  study  participants.  As  described  above,  a  total  of  60  study  participants 
were  recruited  in  year  3  catching  up  with  minor  recruitment  difficulties  in  year  2.  In  addition, 
all  60  of  the  study  participants  completed  the  entire  study  protocol  and  did  not  express  any 
difficulties  with  the  length  of  the  examination.  The  cognitive  evaluations  were  completed  in 

1.5  hours  for  most  of  the  study  participants  and  the  psychodiagnostic  interviews  required  an 
additional  twenty  minutes  in  most  cases  to  complete.  Study  participants  are  able  to  take 
breaks  during  the  study  protocol  session  if  they  feel  they  need  them  and  can  fill  out  their 
questionnaires  and  mail  them  back  if  necessary.  With  this  strategy,  it  is  not  anticipated  that 
there  will  be  much  missing  data  from  the  study  protocols.  However  when  missing  data  is 
encountered  during  data  analysis,  interpretative  statistics  will  be  employed  whenever 
possible. 

A  description  of  the  neuropsychological  domains  and  the  complete 
neuropsychological  test  battery  are  presented  in  tables  9  and  10  followed  by  a  description  of 
the  study  instruments  and  procedures. 

Table  9.  Definitions  of  Neuropsychological  Domains 


I.  General  Intelligence:  IQ  scores  in  all  domains  or  in  a  specific  domain  (verbal  or  visual -motor); 
academic  skills;  performance  on  tests  of  reading,  spelling,  arithmetic,  vocabulary,  academic 
knowledge. 

II.  Attention.  Executive  System:  Capacity  to  focus  on  incoming  stimuli;  includes  vigilance, 
tracking  and  capacity  to  divide  attention  between  competing  stimuli. 

III.  Motor:  Speed  and  dexterity  in  completing  tasks. 

IV.  Visuospatial  function:  Processing  of  nonverbal  information  such  as  visual  designs,  visual 
constructions,  and  geographic  information;  includes  sequencing,  organization  (mental)  and 
constructional  ability. 

V.  Memory:  Anterograde  memory  function  involves  encoding,  storing,  retrieving  and  retaining 
new  information.  Retrograde  memory  function  refers  to  ability  to  recall  information  learned  in  the 
past. 

VI.  Mood/Personalitv:  Includes  temporary  and  characterologic  mood  states  and  characterologic 
personality  traits  or  tendencies. 

VII.  Motivation  and  Malingering:  An  evaluation  of  effort. 
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Table  10.  Full  Neuropsychological  Test  Battery. 

TEST  NAME 

DESCRIPTION 

OUTCOME  MEASURE 

I.  Tests  of  Premorbid  Functioning 

Wechsler  Adult  Intelligence  Scale- 

Information  usually  learned  in  school; 

Raw  Score 

Revised  (WAIS-III;  Wechsler,  1997) 

to  assess  native  intellectual  abilities 

Information  subtest 

Boston  Naming  Test 

Confrontation  naming  of  line  drawings; 

Raw  Score 

(BNT;  Kaplan  et  al„  1983) 

to  assess  verbal  abilities 

II.  Tests  of  Attention,  Vigilance  and 
tracking 

Trail-making  Test 

Timed  connect-a-dot  task  to  assess 

Completion 

(Reitan  &Wolfson,  1985) 

attention  and  motor  control  requiring 
sequencing  (A)  and  alternating 
sequences (B) 

Computerized  Continuous  Performance 

Target  letter  embedded  in  series  of 

Reaction  Time 

Test 

distractors;  to  assess  sustained  attention 

Total  Errors 

(CPT;  Letz  &  Baker,  1988) 

and  reaction  time 

Wisconsin  Card  Sorting  Test  (WCST; 

Requires  use  of  feedback  to  infer 

Total  #  Sorts 

Heaton  et  al,  1993) 

decision  making  rules;  assesses  problem 
solving  ability  and  flexibility 

III.  Tests  of  Motor  Function 

Finger  Tapping  Test 

Speed  of  tapping  with  index  finger  of 

Mean  Taps 

(FTT;  Letz  and  Baker,  1988) 

each  hand;  assesses  simple  motor  speed 

Grooved  Pegboard  Test 

Speed  of  inserting  pegs  into  slots  using 

Raw  Score 

(Klove,  1963) 

each  hand  separately;  assesses  motor 
coordination  and  speed 

IV.  Tests  of  Visuospatial  Function 

Hooper  Visual  Organization  Test 

Identifying  objects  from  line  drawings 

Raw  Score 

(HVOT;  Hooper,  1958) 

of  disassembled  parts;  assesses  ability 
to  synthesize  visual  stimuli 

Rey-Osterreith  Complex  Figure 

Copying  a  complex  geometric  design; 

Raw  Score 

(ROCFT;  Corwin  &  Blysma,  1993) 

assess  ability  to  organize  and  construct 
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TEST  NAME 

DESCRIPTION 

OUTCOME  MEASURE 

V.  Tests  of  Memory 

California  Verbal  Learning  Test 
(CVLT  II;  Delis  et  al„  1987) 

List  of  16  nouns  from  4  categories 
presented  over  multiple  learning  trials 
with  recall  after  interference;  assesses 
memory  and  learning  strategies 

Total  Trials  1-5 

Long  Delay 

ROCFT -Immediate  and  20  minute  recall 

Immediate  and  Delayed  recall 
of  a  Complex  figure 

Raw  Score 

Stanford-Binet  Copying  Test 
(Terman  &  Merrill,  1973) 

Immediate  and  10  minute  delay  of  16 
designs 

Raw  Score 

VI.  Tests  of  Personality  and  Mood 

Profile  of  Mood  States 
(POMS;  McNair  et  al„  1971) 

65  single-word  descriptors  of  affective 
symptoms  endorsed  for  degree  of 
severity  and  summed  on  six  mood  scales 

T- Scores 

VII.  Tests  of  Motivation 

Test  of  Motivation  and  Malingering 
(TOMM;  Tombaugh,  1996) 

Immediate  forced  choice  recognition  of 
line  drawings  of  50  common  objects; 
assesses  motivation  and  malingering 

Raw  Score 
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Assessment  Instruments  and  Procedures 


1.  Cognitive  Assessment. 

A  tester  who  is  blind  to  the  exposure  status  of  the  subject  administers  the  neuropsychological  test 
battery.  The  neuropsychological  test  battery  assesses  the  functional  domains  of  general  intelligence, 
attention,  executive  abilities,  motor  function,  visuospatial  skills,  memory,  and  mood  (table  9).  The 
battery  is  described  in  detail  in  Table  10.  It  includes  1)  tests  designed  to  tap  relatively  stable  native 
intellectual  abilities  including  the  Information  subtest  from  the  WAIS-III,  and  the  Boston  Naming 
Test.  On  these  tests,  it  is  expected  that  the  scores  will  be  consistent  with  estimated  native  IQ  based 
on  age,  education,  and  occupational  history  and  2)  tests  shown  to  have  high  specificity  and 
sensitivity  for  detecting  changes  in  neuropsychological  functions  that  have  in  past  studies 
demonstrated  utility  in  the  assessment  of  toxicant-induced  brain  damage,  and  psychiatric  disorders. 
The  domains  included  in  this  category  are  attention  and  executive  function,  motor  skills,  mood  and 
memory. 

Sustained  attention  is  measured  by  number  of  errors  on  a  test  of  continuous  performance 
(CPT),  a  computer-assisted  test  from  the  Neurobehavioral  Evaluation  System  (NES),  an  instrument 
widely  used  in  the  field  of  occupational  health,  that  represent  adaptations  of  traditional 
neuropsychological  instruments  for  computerized  stimulus  presentation  and  recording  of  responses. 
The  NES  instruments  have  reliable  psychometric  properties  and  have  demonstrated  validity  in 
epidemiological  and  laboratory  studies  of  exposure  to  a  wide  variety  of  neurotoxicants.  Also  used 
as  measures  of  executive  functioning,  are  measures  of  cognitive  flexibility  (Wisconsin  Card  Sort 
test)  and  alternation  of  set  (Trail  making  test,  part  B). 

Motor  functioning  is  measured  by  the  mean  of  five  trials  on  each  hand  on  the  finger  tap 
test,  the  time  to  completion  on  the  grooved  pegboard  test  and  reaction  time  on  the  CPT  test. 
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Previous  studies  of  occupational  pesticide  exposure  have  documented  changes  in  reaction  time  and 
motor  speed  (NCTB).  Therefore,  we  predict  decreased  CPT  reaction  time  performance  in  the  high- 
exposed  PCI  group  and  motor  slowing  on  the  additional  measures. 

The  test  battery  also  includes  the  Profile  of  Mood  states  as  a  self-report  assessment  of 
current  mood.  The  indicators  of  importance  are  current  fatigue,  confusion,  tension  and  depression. 
Mood  has  been  shown  to  be  associated  with  changes  in  subcortical-limbic  system  and 
neurotransmitters  as  a  result  of  toxicant  exposures  and  as  such,  mood  will  be  treated  as  an  outcome 
measure  rather  than  as  strictly  a  potential  confounding  variable. 

In  order  to  assess  visuospatial  processing,  we  administer  the  Rey-Osterrieth  Complex 
Figure  Test  and  document  total  scores  for  the  copying  subtest  (rey-osterrieth  scoring  out  of  36).  In 
addition,  a  qualitative  scoring  system  is  also  used  to  assess  approach  to  the  task  and  specific  types 
of  errors  committed.  We  expect  that  individuals  with  increased  exposures  will  have  difficulty 
maintaining  the  overall  configuration,  tremulous  writing  and  segmentation  as  a  result  of  basal 
ganglia  dysfunction  commonly  seen  in  these  people.  In  addition,  the  Stanford  Binet  copying  task 
will  be  used  in  this  test  battery  to  document  further  impairment  in  visuoconstruction  as  has  been 
found  in  our  prior  research.  The  total  score  for  copying  (out  of  16  possible)  is  expected  to  be 
diminished  in  those  who  have  significant  neurotoxicant  exposures.  In  addition,  we  will  also 
compare  total  number  of  errors  (out  of  120  possible)  as  well  as  type  of  errors  as  discussed  above. 

Individuals  who  have  documented  exposures  to  neurotoxicants  have  had  difficulty  in  the 
areas  of  acquisition  and  retrieval.  Therefore,  we  will  be  examining  verbal  and  nonverbal  memory 
with  the  use  of  the  Rey-Osterrieth  Complex  Figure  Immediate  and  Delayed  recall  and  the  CVLT-II 
measures  of  total  recall  trials  1  to  5  (raw  score)  and  Long -delay  free  recall  (raw  Score). 

Lastly,  a  measure  of  response  consistency  will  be  used  to  document  the  possibility  of 
diminishment  in  motivation.  Raw  scores  (out  of  a  possible  score  of  50)  will  be  computed  and  we 
expect  that  only  a  few  individuals  will  fall  below  a  score  of  45  (indicating  decreased  motivation). 
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In  the  event  of  decreased  motivation  scores  on  this  test,  analyses  will  be  performed  with  and 
without  these  individual’s  test  scores  to  assess  for  potential  differences.  If  there  are 
significant  differences  between  the  groups,  then  the  group  with  low  motivational  scores  will 
be  removed  from  the  dataset. 

Because  this  study  compares  neuropsychological  functioning  in  pesticide -exposed 
individuals  many  years  after  their  GW  exposures,  the  question  arises  how  does  one  decide 
if  decreased  performance  in  cognitive  functioning  is  actually  associated  with  pesticide 
exposure  or  if  those  individuals  with  cognitive  deficits  simply  report  more  pesticide  exposure. 
One  way  to  examine  this  problem  with  self-reported  exposures  and  correlating  them  with 
current  brain  functioning  is  by  comparing  patterns  of  cognitive  performance  in  relation  to  the 
reported  exposure.  The  field  of  behavioral  neurotoxicology  is  an  established  field  that  studies 
the  effect  of  brain/behavior  (test  performance)  relationships  and  specific  types  of 
neurotoxicant  exposures. 

Epidemiological  studies  during  the  past  30  years  have  examined  the  impact  of 
exposure  to  metals  (e.g.,  lead,  mercury,  arsenic),  organic  solvents  (e.g.,  trichloroethylene,  n- 
hexane,  petroleum  distillates),  and  pesticides  (e.g.,  organophosphates,  carbamates)  on  brain 
functioning  and  found  different  cognitive  patterns  with  these  exposures.  For  example,  studies 
of  solvent  exposure  have  reliably  shown  disturbances  in  executive  function,  attention, 
visuospatial  skills,  short-term  memory,  and  mood  (Anger,  1990,  White  et  al.,  1992  and 
Echeverria  &  White,  1992)  Studies  of  lead-exposed  workers  have  yielded  similar  findings 
along  with  decrements  in  verbal  reasoning  and  motor  functions  (Baker  et  al.,  1984,  Hanninen 
et  al.,  1978  and  Yokoyama  et  al.,  1988).  While  studies  of  pesticide -exposed  agricultural 
workers  have  shown  disturbances  in  processing  speed  and  mood  and  sequelae  from  overt 
poisoning  from  organophosphate  pesticides  can  result  in  lasting  deficits  in  the  domains  of 
visuomotor,  attention/executive  functioning,  motor  functioning  and  mood.  Therefore,  we 
would  be  comparing  not  only  specific  test  performance  to  self-report  of  pesticide  exposure 
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but  also  the  pattern  of  cognitive  performance  in  the  domains  of  attention/executive 
functioning,  memory,  visuospatial  skills,  motor  skills  and  mood. 

In  addition  to  exposure  class,  other  factors  (e.g.,  age,  education,  intelligence,  prior 
exposures,  medical  and  health  concerns,  alcohol  abuse,  life  stress,  and  workplace  stress)  are 
likely  to  influence  performance  on  cognitive  tests  (Grasso  et  al.,  1984,  Hanninen,  1988, 

Proctor  et  al,  1996  and  Letz,  1993.)  and  must  be  taken  into  account  in  evaluating  the  effects 
of  exposure  to  known  or  suspected  toxicants.  Therefore,  the  study  was  designed  to  be  able  to 
compare  cognitive  patterns  on  five  different  domains  in  individuals  reporting  higher  and 
lower  pesticide  exposures  (table  9). 

We  have  made  specific  hypotheses  of  how  the  higher  pesticide  exposed  individuals 
will  perform  based  on  prior  epidemiological  studies  showing  the  cognitive  pattern  of  motor 
(performance  speed)  and  mood  decrements  in  pesticide  exposed  individuals.  We  have  also 
included  a  series  of  questionnaires  to  the  study  protocol  that  will  obtain  demographic  (age, 
education,  gender,  premorbid  intelligence)  and  diagnostic  variables  (Post-Traumatic  Stress 
Disorder,  Major  Depression  etc.)  that  could  affect  cognitive  performance  and  should  be 
controlled  for  in  any  analyses  comparing  self-reported  exposures  to  neurotoxicants.  In 
addition,  an  exposure  questionnaire  is  also  included  in  the  study  protocol  (SNAC  )  that 
queries  for  other  types  of  neurotoxicant  exposures  that  could  affect  cognitive  performance 
(exposures  from  hobbies  and  post-military  employment)  that  will  also  be  used  as  control 
variables. 

2.  Psychological  Assessment. 

1)  Subjects  are  administered  the  Structured  Clinical  Interview  for  DSM-IV  (SCID)  and  a 
current  Global  Assessment  of  Functioning  score  is  assessed.  This  instrument  has  demonstrated 
reliable  psychometric  properties  for  determining  the  presence  or  absence  of  current  or  past  major 
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Axis  I  disorders.  Dr.  Krengel  who  will  also  be  blind  to  the  exposure  data  administers  the  Clinician 
Administered  PTSD  Scale  IV  (CAPS),  a  state-of-the-art  instrument  for  confirming  the  diagnosis  of 
current  or  past  PTSD  and  for  evaluating  the  intensity,  frequency,  and  severity  of  the  disorder  and  its 
individual  symptom  criteria.  Extensive  research  now  indicates  that  this  instrument  has  highly 
acceptable  psychometric  properties.  Subjects  fill  out  a  series  of  self-report,  paper  and  pencil 
measures  designed  to  confirm  and  define  symptoms  of  PTSD  (PTSD  checklist),  and  to  identify 
traumatic  events,  military  or  civilian  (Modified  Life  Events  Checklist,  Traumatic  Events)  (table  11). 

2)  Dr.  Krengel  also  conducts  a  semi -structured  clinical  interview  eliciting  information 
pertaining  to  recent  past  and  current  mood  disorders,  substance  use,  neurological  and  medical 
illness,  traumatic  brain  injury,  and  history  of  other  traumatic  events.  Subjects  are  asked  questions 
specifically  related  to  recent  occupational  history  (including  possible  occupational  exposure  to 
neurotoxicants),  family  history  of  psychiatric  disorder,  and  life  stressors. 

Treatment  of  Data 

The  aims  of  this  study  are  to  determine  the  cognitive  and  neurological  effects  of  pesticide 
exposure  in  specific  groups  of  GW  veterans,  to  determine  the  cognitive  and  neurological  effects  of 
PB  exposure  in  specific  groups  of  pesticide  exposed  GW  veterans,  and  to  assess  for  interaction 
effects  in  GW  veterans  with  multiple  chemical  exposures  (PB,  pesticides,  low-level  nerve  agents). 

We  will  examine  the  relationship  between  neurotoxicant  exposure  and  neuropsychological 
performance  through  multivariate  multiple  regression.  This  will  include  indicator  variables  to 
account  for  group  status  (1  =  High  PB,  High  Pesticide,  2  =  High  PB,  low  Pesticide,  3  =  Low 
Pesticide,  High  PB,  4  =  low  Pesticide,  Low  PB)  as  well  as  individual  risk  factors  and  intervening 
risk  factors  that  might  be  related  to  outcomes.  Additional  analyses  exploring  the  interactions 
between  the  exposures  and  neuropsychological  outcome  will  be  pursued.  We  will  look  at  the 
relationship  of  stress  and  health  symptoms  through  the  multiple  regression  analyses  as  described 
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above.  Steps  have  been  employed  to  minimize  missing  data  including  offering  breaks  during 
cognitive  testing,  allowing  participants  to  complete  questionnaires  at  home  and  mailing  them  back 
and  completing  psychological  interviews  by  telephone  (when  necessary  due  to  time  constraints  or 
fatigue  of  study  participants).  However  when  data  is  not  obtainable,  the  missing  data  will  be 
interpolated  statistically  whenever  possible  by  comparing  means  of  similarly  answered  questions. 

Task  2c.  Obtain  information  about  current  health  status,  environmental  and  occupational 
exposures,  medical  or  psychological  treatments,  and  any  recent  medical  or  psychiatric 
diagnoses  for  61  study  subjects  by  study  questionnaires. 

All  sixty  study  participants  recruited  in  year  3  completed  the  study  questionnaire.  The  study 
questionnaire  is  comprised  of  several  health  and  mental  health  scales.  These  include:  the  health 
symptom  checklist.  Brief  Symptom  Inventory  (BSI),  PTSD  checklist  (PCL),  Modified  Life  Events 
Checklist  (Traumatic  events),  Veterans  Version  of  the  SF12  (SF12V),  and  the  pesticide  exposure 
questionnaire  (SRBI  questionnaire).  See  Table  1 1  for  questionnaire  descriptions  and  Table  12  for 
frequencies  of  psychiatric  diagnoses,  medical  conditions  and  health  symptom  reports  for  the  first  119 
study  participants.  In  general,  psychiatric  diagnoses  were  relatively  high  for  PTSD  (10%)  and 
depression  (9%)  when  measured  by  a  structured  clinical  interview.  The  most  common  medical 
diagnoses  reported  in  the  study  sample  included  allergies,  hypertension,  arthritis,  deafness,  asthma, 
cancer,  neurological  diseases  and  irritable  bowel  syndrome.  In  depth  health  symptom  questions  from 
the  health  symptom  checklist  (HSC)  in  the  study  questionnaire  (see  table  11)  showed  elevated  rates 
in  joint  pain  (79%),  sleep  difficulties  (73%),  muscle  pain  (63%),  word  finding  problems  (58%), 
concentrating  difficulties  (51%),  weakness  (50%)  and  forgetfulness  (50%).  These  same  health 
symptoms  were  the  most  commonly  reported  in  our  prior  studies  and  clinical  evaluations  of 
treatment -seeking  Gulf  War  veterans  from  the  New  England  area  with  the  exception  of  weakness 
(Sullivan  et  al.,  2003).  When  comparing  health  symptoms  and  medical  diagnoses  by  pesticide 
exposure,  all  diagnoses  were  higher  in  the  high  pesticide  exposed  group,  (diabetes  6  vs.  2;  heart 
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attack  3  vs.  0;  arthritis  26  vs.  7,  lung  disease  8  vs.  1,  chronic  rash  21  vs.  3;  high  blood  pressure  27  vs. 
10)  but  no  significant  differences  were  found.  Complete  analyses  between  exposure  groups  will  be 
done  when  a  larger  study  sample  is  recruited  and  higher  statistical  power  is  attained. 
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Table  11.  Study  Questionnaire  Descriptions 


Name 

Description 

Demographics 

Subjects  report  information  on  age,  education,  gender, 
ethnicity,  marital  status,  GW  duty  service  (active  vs. 
reserve/National  Guard),  military  rank  and  current 
military  status. 

SF12V 

Veterans  version  of  the  SF12  which  compares 
functional  health- related  quality  of  life.  It  includes  a 
physical  component  score  and  a  mental  component 
score. 

Health  Symptom  Checklist  (HSC) 

A  comprehensive  list  of  34  frequently  reported  health 
and  mental  health  symptoms.  The  HSC  determines 
how  often  in  the  past  30  days  the  health  symptoms 
were  experienced.  Symptoms  from  nine  body  systems 
are  assessed  (cardiac,  pulmonary,  dermatological, 
gastrointestinal,  genitourinary,  musculoskeletal, 
neurological,  and  psychological). 

Medical  Conditions 

Included  in  this  checklist  is  a  list  of  21  medical 
conditions  that  the  subject  is  asked  to  rate  if  they  have 
ever  had  the  condition,  how  it  was  diagnosed 
(self  or  doctor)  and  when  it  was  diagnosed. 

Brief  Symptom  Inventory  (BSI) 

The  Global  Severity  index  of  the  BSI  is  a  summary 
index  that  represents  the  most  sensitive  single  inventory 
indicator  of  a  subjects’  psychological  distress  level  by 
combining  information  on  a  number  of  psychological 
symptoms  and  their  intensity. 

PTSD  checklist  (PCL) 

A  17-item  checklist  following  DSMIII-R  or  DSM-IV 
guidelines  and  is  a  structured  interview  for  clinical 
diagnosis  of  PTSD. 

Modified  Life  events  checklist 
(Traumatic  Events) 

Modified  version  of  the  life  events  checklist  to  check 
for  traumatic  life  events. 

Structural  Neurotoxicant  Assessment 
Checklist  ( SNAC) 

The  SNAC  assesses  the  degree  of  past  exposure  to 
neurotoxicants  during  civilian  and  military  occupations 
includes  questions  pertaining  to  recent  occupational 
and  environmental  exposures.  Questions  include  length 
stay,  geographical  location,  and  environmental 
exposure  during  deployment  (type,  intensity,  frequency, 
duration,  locale). 

Pesticide  Exposure  Questionnaire 
(SRB1  brief  questionnaire) 

This  telephone  interview  was  conducted  by  SRBI  to 
obtain  pesticide  and  PB  exposure  estimates.  Questions 
include  what  pesticides  were  used  during  the  Gulf  War 
and  what  most  pressing  health  problems  that  the 
respondent  currently  reports. 

Telephone  Recruitment  form 

This  telephone  recruitment  form  is  used  by  study 
staff  to  recruit  and  track  responses  for  potential  study 
participants.  Questions  include  current  medical 
diagnoses,  medication  use,  and  participation  in  other 
Gulf  War  related  studies. 
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Table  12.  Psychiatric  Diagnosis  and  Health  Symptom  Report  in  first  119  Participants 

Interview  Diagnosis 

Frequency 

Percent 

PTSD 

12 

10 

Major  Depression 

11 

9 

Multiple  Chemical  Sensitivity 

1 

1 

Chronic  Fatigue  Syndrome 

2 

2 

Medical  Conditions 

Hypertension 

37 

31 

Asthma 

13 

11 

Heart  Attack 

3 

3 

Diabetes 

8 

7 

Multiple  Sclerosis 

1 

2 

Other  Neurological  Disease 

11 

9 

Cancer 

13 

11 

Stroke/cerebrovascular  disease 

4 

3 

Allergies 

34 

34 

Arthritis 

33 

28 

Irritable  Bowel  Syndrome 

10 

9 

Thyroid  disorder 

8 

7 

Tumors  or  growths 

5 

4 

Neuropathy 

3 

3 

Lung  Disease 

9 

8 

Deafness 

17 

14 
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Health  Symptoms 

Joint  Pain 

86 

79 

Skin  Rash 

36 

35 

Sleep  Trouble 

80 

73 

Diarrhea 

48 

44 

Upset  stomach 

50 

47 

Difficulty  Concentrating 

30 

51 

Confusion 

39 

36 

Forgetfulness 

57 

50 

Muscle  pain 

68 

63 

Weakness 

53 

50 

Word  finding  problems 

62 

58 

Task  3a.  Data  entry  of  all  questionnaires  and  evaluations  and  quality  control  measures 
will  be  ongoing. 

Interview  findings,  neuropsychological  assessment  results,  and  questionnaire  data  for 
each  of  the  119  completed  study  participants  have  been  scanned  into  a  dataset  by  using 
teleform  software  and  cleaned  through  quality  control  measures.  SPSS  datasets  have  been 
created  to  analyze  the  data  obtained.  This  procedure  will  be  ongoing  as  subject  recruitment 
continues. 

Task  3b.  Interim  statistical  analyses  of  data  obtained  from  cognitive  evaluations  and 
questionnaire  data  will  be  performed  periodically. 

Analyses  of  the  first  110  subjects  were  performed  and  presented  at  the  International 
Neuropsychological  Society  annual  meeting  in  Portland,  OR  in  February  2007.  Multivariate 
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analysis  of  variance  was  computed  to  compare  high  and  low  pesticide  exposures  on 
neuropsychological  measures  including  the  domains  of  attention/executive  system,  language, 
motor,  visuospatial  and  memory.  The  results  are  presented  in  table  12.  Overall,  the  results 
suggested  a  significant  effect  of  high  pesticide  exposure  and  lowered  mean  reaction  times  on 
the  continuous  performance  test,  differences  in  executive  functioning  on  the  Wisconsin  card 
sort  test  and  visual  memory  differences  on  the  Rey-Osterrieth  complex  figure.  When 
interaction  effects  of  pesticides,  PB  and  Khamisiyah  notification  were  compared  using 
multivariate  analyses,  an  interaction  effect  was  found  for  lower  visuointegration  skills 
(Hooper  test  p  =  .002). 

When  health  symptom  patterns  were  compared  in  a  separate  analysis  using  chi- 
square  analyses,  PCIs  with  high  pesticide  exposure  reported  significantly  more  difficulties 
with  gastrointestinal  difficulties,  skin  rash,  muscle  weakness,  confusion  and  word-finding 
difficulties  as  measured  by  the  34  item  health  symptom  checklist  (see  table  13).  Other 
reported  medical  diagnoses  were  not  significantly  different  in  the  high  and  low  pesticide  or 
PB  groups.  However,  analysis  comparing  medical  diagnoses  with  Khamisiyah  notification 
(and  potential  low-level  nerve  agent  exposure)  was  significantly  associated  with  irritable 
bowel  syndrome  in  the  notified  group  (20%  of  Khamisiyah  group,  p=  .005).  As  additional 
subjects  are  recruited  and  statistical  power  is  improved,  regression  analyses  of  the  four 
groupings  will  be  performed  as  described  in  the  treatment  of  data  section. 
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Table  13.  Preliminary  health  symptom  results  in  first  110  study  participants. 


Health  Symptom 

Pesticide  High 
Exposed 

Diarrhea 

%  reporting 
n=77 

81 

Upset  Stomach 

84 

Skin  Rash 

83 

Weakness 

83 

Muscle  Pain 

78 

Confusion 

82 

Word  Finding  Difficulty 

82 

Sleep  Problems 

75 

Pesticide  Low 

Chi-Square 

Odds  Ratio 

Exposed 
%  reporting 
n=33 

X2  (p-value) 

OR  (p-value) 

19 

5.7  ( .017) 

2.8  (1.1-7.0) 

16 

9.6  (.002) 

4.1  (1.6-10.2) 

17 

5.3  (.021) 

3.1  (1.2-8.6) 

17 

8.4  (.004) 

3.6  (1.5-8.9) 

22 

6.2  (.012) 

2.8  (1.2-6.7) 

18 

4.7  (.029) 

2.8  (1.0-7.3) 

18 

10.4  (.001) 

4.1  (1.6-9.7) 

25 

3.5  (.062) 

2.3  (.95-5.5) 
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Table  14.  Neuropsychological  Functioning  in  high  and  low  pesticide  exposed  groups 


Cognitive  Domain 

High 
Pesticide 
Group 
Mean  (sd) 
n  =  77 

Low 
Pesticide 
Group 
Mean  (sd) 
n  =  33 

Significance 

P-value 

Attention/Executive 

Trails  A  -  time  to  completion 

32.9(13.8) 

28.1  (7.9) 

.235 

Trails  B  -  time  to  completion 

73.3  (42.0) 

65.1  (20.6) 

.757 

WCST  -  number  of  sorts 

3.6  (1.2) 

4.0  (1.3) 

.040 

CPT  -  #  false  positives 

1.6  (2.1) 

2.1  (2.4) 

.219 

CPT  -  #  no  responses 

.8  (2.4) 

•  1  (-3) 

.572 

Language 

Boston  Naming  -  total  correct 

57.1  (2.4) 

57.3  (2.9) 

.939 

Psychomotor 

Finger  Tap  test  -  latency  of  response, 

180.5  (35.5) 

172.9  (25.2) 

.970 

preferred  hand 

Finger  Tap  test  -  latency  of  response,  non¬ 

192.3  (43.5) 

181.7  (44.3) 

.451 

preferred  hand 

Finger  Tap  test  -  #  taps  preferred  hand 

54.2  (9.8) 

55.2  (54.2) 

.830 

Finger  Tap  test  -  #  taps  non-preferred  hand 

51.7  (7.8) 

53.5  (8.7) 

.385 

Grooved  Pegboard  -  time  preferred  hand 

76.3(14.5) 

74.7  (11.4) 

.263 

Grooved  Pegboard  -  time  non-preferred  hand 

82.4(16.2) 

77.6(15.0) 

TOO 

CPT  -  mean  response  time 

403.3  (62.9) 

379.0  (37.3) 

.043 

Visuospatial 

Hooper  -  total  correct 

26.3  (2.0) 

26.7  (2.6) 

.059 

Stanford-Binet  copy  -  total  correct 

5.1  (2.9) 

5.3  (2.8) 

.925 

Rey-Osterrieth  figure  copy  -  total  correct 

26.4  (4.0) 

26.6  (4.7) 

.350 

Memory 

CVLT  -  #  correct  trials  1  -5 

47.8  (9.5) 

50.2  (9.7) 

.599 

CVLT  -  short  delay  #  correct 

9.9  (3.1) 

11.0  (2.9) 

.186 

CVLT  -  long  delay  #  correct 

10.5  (3.0) 

11.4  (3.3) 

.251 

CVLT  -  recognition  #  correct 

14.4(1.9) 

15.1  (1.3) 

.391 

Rey-  Osterrieth  -  immediate  recall,  #  correct 

16.3  (5.3) 

17.8  (7.4) 

.045 

Rey-Osterrieth  -  delayed  recall,  #  correct 

15.3  (5.1) 

16.9  (7.0) 

.034 

Stanford-Binet  Recall  -  #  correct 

8.0  (2.7) 

8.1  (2.3) 

.765 

General  Intellectual  Abilities 

WAIS-III  information  -  raw  score 

21.7(3.3) 

23.4(3.1) 

.255 

Mood  and  Motivation 

TOMM  -  total  correct 

48.7  (1.6) 

49.4(1.1) 

.329 
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Task  3c.  Exposure  Assessment  analyses  for  pesticides  and  PB  will  be  ongoing. 

Exposure  assessment  analyses  of  individual  and  combined  classes  of  pesticides  will 

continue  to  be  conducted  during  years  3  and  4  to  assess  dose-response  relationships  with 
health  and  cognitive  functioning.  Mr.  William  Bradford,  lead  author  of  the  Pesticides 
Environmental  Exposure  Report,  will  assist  with  these  exposure  estimates.  Descriptive 
analyses  for  pyridostigmine  bromide  (PB)  exposure  based  on  total  number  of  pills  ingested  as 
reported  on  the  study  questionnaire  is  presented  in  the  table  below. 


Table  15.  Pyridostigmine  Bromide  Exposure  Categories  for  First  119  Study  Participants 

PB  exposure 

Frequency 

Percent 

No 

19 

16 

Yes 

85 

73 

Not  Sure 

15 

11 

Total 

119 

100 

PB  Dosage 

Total  Tablets 

N 

Percent 

0-5 

44 

42 

6-20 

36 

35 

2140 

14 

13 

41-90 

10 

10 

Total 

104 

100 
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Table  16.  PB  dose- response  analyses. 


Test 

Standardized 

Coefficients 

t 

Sig. 

Beta 

CVLT  Trials  1-5 

.118 

1.05 

.297 

CVLT-long  delay 

.090 

.808 

.422 

CPT-  mean  reaction  time 

.104 

.582 

.565 

Trails  A  -  total  time 

.082 

.730 

.468 

Trails  B  -total  time 

-.068 

-.602 

.549 

WCST-  total  sorts 

.122 

1.08 

.284 

Rey- Osterreith  -delay  score 

.251 

2.3 

.024 

Hooper  -total  correct 

.183 

1.7 

.102 

Stanford-Binet  copy 

.010 

.09 

.928 

A  preliminary  analysis  of  PB  dosage  and  neuropsychological  patterns  were  largely  non¬ 
significant  as  shown  in  table  16  with  the  exception  of  verbal  recall  as  measured  by  the  Rey 
Osterreith  complex  figure.  However,  this  effect  was  not  in  the  predicted  negative  direction 
but  in  the  positive  direction.  The  reported  range  of  PB  dosage  suggests  that  further  analyses 
of  exposure  levels  will  be  possible  when  additional  study  subjects  are  recruited  and  higher 
statistical  power  is  obtained.  This  will  provide  the  ability  to  assess  neuropsychological  and 
health  symptom  reports  in  higher  exposed  individuals  compared  with  those  with  less 
exposure  in  a  dose-dependent  manner.  This  will  allow  for  comparison  of  synergistic  effects 
of  high  PB  and  pesticide  exposed  individuals  particularly  with  combinations  of  PB  and  other 
carbamates  (bendiocarb,  methomyl,  and  propoxur)  and  organophosphates  (azamethiphos, 
chlorpyrifos,  diazinon,  dichlorvos  and  malathion).  Individual  pesticide  exposures  for  the  12 
pesticides  of  potential  concern  (see  figure3)  for  the  first  110  recruited  study  participants  were 
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categorized  based  on  questionnaire  reporting  and  past  PCI  interviews.  The  results  are 


presented  in  the  table  below. 


Table  17.  Exposure  Assessment  for  Pesticides  of  Potential  Concern  for  First  110 
Study  Participants. _ 


Pesticide 

Low  Exposed 

High  Exposed 

Percent  high  Exposed 

DEET 

63 

47 

43 

Permethrin 

82 

28 

26 

d-phenothrin 

104 

6 

5 

Azamethiphos 

77 

33 

30 

Chlorpyrifos 

80 

30 

27 

Diazinon 

84 

26 

24 

Dichlorvos 

74 

36 

33 

Malathion 

80 

30 

27 

Methomyl 

58 

52 

47 

Propoxur 

98 

12 

11 

Bendiocarb 

93 

17 

16 

Lindane 

72 

38 

35 

Additional  analyses  comparing  individual  pesticides  of  potential  concern  (POPC)  with 
cognitive  and  health  symptom  reporting  will  be  conducted  as  recruitment  efforts  progress  and 
adequate  statistical  power  is  obtained. 

Exposures  ranged  from  5  to  47  percent.  Given  that  study  participants  were  exposed  to 
each  of  the  12  POPCs,  it  is  feasible  to  study  exposure  to  each  of  the  pesticides  of  potential 
concern  in  this  study  sample. 
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Task  3d.  Annual  reports  of  progress  will  be  written. 

This  report  is  the  third  annual  report  written  for  this  project.  The  first  report  was  submitted  on 
February  28,  2005  and  accepted  on  February  9,  2006.  The  second  report  was  submitted  on 
February  28,  2006  and  accepted  on  July  7,  2006. 


KEY  RESEARCH  ACCOMPLISHMENTS 

>  A  pool  of  potential  study  participants  was  identified  from  a  group  of  previously 

interviewed  pest  control  personnel  deployed  to  the  Gulf  War. 

>  Previous  interviews  by  the  Deployment  Health  Support  Directorate  (DHSD) 
regarding  pesticide  and  pyridostigmine  bromide  (PB)  exposure  were  obtained  and 
used  to  classify  these  individuals  into  high  and  low  exposure  groups. 

>  Telephone  interviews  were  performed  and  resulted  in  only  a  seven  percent  refusal 
rate  of  live  calls  and  completion  of  the  targeted  160  total  completed  exposure  surveys 
of  PCIs. 

>  Potential  study  participants  were  categorized  based  on  current  residence  and  re- 
categorized  when  residence  changed. 

>  Current  health  symptoms  were  identified  and  categorized  into  symptom  clusters 
based  on  initial  telephone  interviews. 

>  PCIs  responding  to  the  SRBI  interviews  were  categorized  into  high  and  low  exposure 
groups  for  pesticides  and  PB  and  a  pool  of  potential  subjects  have  been  targeted  for 
recruitment  based  on  residence  location  and  exposure  category. 

>  One  hundred  and  nineteen  study  participants  were  recruited  and  completed  the  entire 
study  protocol  including  cognitive  evaluations,  psychological  interviews  and 
exposure  questionnaires.  This  resulted  in  a  99%  recruitment  rate  for  years  1-3. 

>  The  first  26  study  recruitment  trips  were  greeted  with  interest  and  willingness  to 
participate  by  the  contacted  PCIs.  This  is  encouraging  for  further  recruitment  efforts. 
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It  appears  that  GW  veterans  continue  to  be  interested  in  responding  to  surveys 
regarding  health  symptoms  and  are  cooperative  when  asked  to  complete 
neuropsychological  evaluations. 

>  It  was  determined  that  the  study  design  allows  for  collection  of  all  relevant  data  and 
can  be  accomplished  in  recruitment  trips  throughout  the  country. 

>  Initial  exposure  assessments  of  the  12  pesticides  of  potential  concern  (POPC)  and 
pyridostigmine  bromide  (PB)  suggest  that  analyses  of  individual  pesticides  with 
cognitive  and  health  functioning  should  be  possible  when  the  larger  study  sample  is 
obtained. 

>  Preliminary  analysis  of  the  first  110  study  participants  suggested  lower  mean  reaction 
times,  relative  impairment  in  visual  memory,  and  diminishment  in  executive 
functioning  in  high  pesticide  as  compared  with  low  pesticide-exposed  veterans.  In 
addition,  the  analysis  comparing  the  interaction  of  high  pesticide,  high  PB  and 
Khamisiyah  notification  showed  impairment  in  visuo-integration  abilities  in  the 
group  with  concurrent  exposures.  These  preliminary  findings  will  be  further  explored 
in  the  larger  study  sample  as  participants  continue  to  be  recruited. 

>  Health  symptom  reports  of  the  first  115  study  participants  using  the  health  symptom 
checklist  found  higher  symptom  reporting  in  high  pesticide  exposed  individuals 
relative  to  low  pesticide  exposure.  Specifically,  high  exposure  was  related  to  GI 
disturbance,  weakness,  joint  pain,  word  finding  difficulty,  sleep  disturbance,  skin 
rash  and  muscle  pain.  Individuals  with  Khamisiyah  notification  were  significantly 
more  likely  to  be  diagnosed  with  irritable  bowel  syndrome  than  those  without  such 
notification.  These  elevated  health  symptom  reports  are  much  greater  than  the 
original  SRBI  telephone  interviews  where  each  PCI  was  asked  to  report  their  most 
prominent  health  symptoms  or  medical  diagnoses.  Medical  diagnoses  were  higher  in 
the  high  pesticide  exposed  group  but  not  significantly  so  for  most  diagnoses.  Overall, 
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this  sample  of  GW  veterans  appeared  to  show  slightly  higher  rates  of  asthma  and 
allergies  than  reported  in  general  population  rates  for  their  age  and  gender. 

>  Psychiatric  diagnoses  including  post-traumatic  stress  disorder  and  current  major 
depression  were  slightly  elevated  in  this  group  of  predominantly  non-treatment 
seeking  veterans  while  rates  of  chronic  fatigue  syndrome  and  multiple  chemical 
sensitivity  were  relatively  low  when  assessed  by  clinical  interview. 

>  Data  acquisition  allowed  for  not  only  quantitative  scoring  systems,  but  also 
qualitative  scoring  of  data  in  order  to  compare  types  of  errors  in  cognitive 
performance.  This  type  of  subtle  detail  analysis  has  been  correlated  with 
neurotoxicant  exposures  in  other  investigations  and  will  be  compared  as  the  larger 
study  sample  is  recruited. 
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1 .  Pesticide  Exposure,  Health  Functioning  and  Neuropsychological  Outcome  in  Gulf  War  I 
Veterans  (Abstract).  Sullivan,  K.,  Krengel,  M.,  Thompson,  T.,  Proctor,  S.P.  &  White, 
R.F.,  International  Neuropsychological  Society,  34th  Annual  Meeting  Program  and 
Abstract  Book,  2006:  208. 

2.  Cognitive  functioning  in  Gulf  War  I  veterans  exposed  to  Pesticides,  Pyridostigmine 
Bromide  and  Khamisiyah  Weapons  Depot  (Abstract).  Sullivan,  K.,  Krengel,  M., 
Thompson,  T.,  Comtois,  C.,  &  White,  RF.  International  Neuropsychological  Society, 
35th  Annual  Meeting  Program  and  Abstract  Book,  2007:  210. 

3.  Qualitative  Findings  in  Complex  Figure  Drawing  in  Military  Pesticide  Applicators  from 
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techniques.  Transactions  in  GIS  2005:  9(3):  381-396. 
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veterans.  Neurotoxicology.  2006;  27(6):  931-939. 
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Sensitivity  in  Gulf  War  Veterans  Assessed  via  a  Validated  Screening  Instrument. 

3.  Sullivan  et  al.,  Neuropsychological  functioning  in  Gulf  War  veterans  potentially 
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Funding: 


1 .  In  June  2004,  Drs.  White,  Krengel,  Sullivan,  and  Proctor  submitted  a  Merit  Review 
grant  application  (Dr.  White  PI)  to  the  Department  of  Veterans  Affairs  entitled  “Structural 
Magnetic  Resonance  Imaging  and  cognitive  correlates  in  Gulf  War  veterans.”  This  study  will 
further  define  neurological  functioning  in  a  previously  followed  cohort  of  treatment-seeking 
GW  veterans  and  will  allow  for  comparison  of  reported  GW  exposures  with  brain  white 
matter  volumes.  This  grant  was  funded  and  recruitment  efforts  are  underway.  Preliminary 
results  to  date  suggest  lower  anterior  cingulate  and  overall  cortical  volumes  in  the  high 
symptom  Gulf  War  veterans  compared  with  low  symptom  reporting  GW  veterans. 

2.  In  September  2006,  Drs.  Krengel,  Sullivan  and  White  submitted  a  VA  Merit  review  grant 
(Dr.  Krengel,  PI)  to  examine  the  continued  health  effects  of  GW  veterans  with  cutting  edge 
neuroimaging  techniques  in  treatment- seeking  GW  veterans.  This  grant  was  not  funded  after 
the  first  submission.  Dr.  Krengel  will  resubmit  this  grant  in  March  2007. 

3.  In  February  2007,  Drs.  Sullivan,  Krengel  and  White  submitted  a  grant  to  the  DoD 
Gulf  War  Veterans  Illness  Research  Program  (GWVIRP)  under  the  congressionally  directed 
medical  research  program  (W81XWH -06 -GWVIRP)  for  a  follow-up  study  to  the  currently 
funded  study  of  military  pesticide  applicators  in  order  compare  structural  brain  imaging  in  the 
high  and  low  pesticide  exposed  groups.  This  proposed  grant  will  focus  on  whether 
acetylcholinesterase  inhibiting  pesticides  including  organophosphates  could  be  among  the 
contributing  factors  to  some  of  the  undiagnosed  illnesses  in  GW  veterans  by  comparing 
objective  biomarkers  of  exposed  veterans  and  comparing  brain  white  matter  volumetries 
between  the  groups. 
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CONCLUSIONS: 


Preliminary  results  of  neuropsychological  analyses  in  the  first  110  study  participants  indicated  a 
significant  effect  of  high  pesticide  exposure  and  lowered  mean  reaction  times,  executive  system 
functions,  and  visual  memory.  In  addition,  health  symptom  reporting  in  high  pesticide  exposed 
individuals  was  significantly  associated  with  gastrointestinal  disturbances,  skin  rash,  weakness, 
muscle  pain,  confusion  and  word-finding  difficulty.  When  clinical  diagnoses  and  health  were 
compared,  a  slightly  elevated  rate  of  PTSD  and  depression  were  noted  as  well  as  asthma  and 
allergies  in  both  exposure  groups.  Overall,  these  preliminary  findings  of  motor  slowing,  executive 
system  and  visual  memory  deficit,  PTSD,  depression,  allergies  and  asthma  in  this  group  of  higher 
exposed  pesticide  control  military  veterans  suggests  that  clinicians  treating  GW  veterans  should 
consider  these  domains  when  assessing  the  health  and  functional  well-being  of  these  aging  veterans. 
It  is  possible  that  these  preliminary  results  reflect  residual  dysfunction  attributable  to  neurotoxicant 
exposure  from  pesticides.  However,  this  possibility  will  need  to  be  re-assessed  when  the  complete 
cohort  sample  is  obtained. 

Our  preliminary  findings  from  the  SRBI  interviews  alone  suggested  that  GW  veterans  exposed 
to  varying  levels  of  pesticides  and  PB  continued  to  report  health  symptoms,  including  high  blood 
pressure,  cardiovascular  disease,  skin  rashes,  memory  problems  and  stress  reactions.  These  results 
were  confirmed  when  more  in-depth  health  symptoms  were  ascertained  from  the  study 
questionnaire  with  the  first  119  study  participants.  Of  interest,  veterans  who  participated  in  the 
SRBI  telephone  surveys  reported  significantly  more  physical  than  emotional  symptoms.  However, 
when  interviewed  in-person  several  of  the  study  participants  met  clinical  criteria  for  post-traumatic 
stress  disorder  and  depression.  This  finding  stresses  the  importance  of  face-to-face  interviews  and 
evaluations  with  study  participants  in  addition  to  postal  questionnaires  or  telephone  surveys. 

It  still  remains  of  particular  clinical  relevance  that  these  veterans  continue  to  report  significant 
physical  symptoms  and  by  documenting  changes  in  cognitive  status  in  conjunction  with  health 
concerns  in  this  unique  group  of  Gulf  War  veterans,  the  effects  of  exposure  to  neurotoxicants  while 
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in  the  Gulf  will  be  further  elucidated.  This  study  will  be  able  to  confirm  or  dispute  the  conclusion  of 
the  OSAGWI  health  risk  assessment  and  the  RAND  pesticide  report  which  suggested  that  the 
acetylcholinesterase  inhibiting  pesticides  including  organophosphates  and  carbamates  could  be 
among  the  contributing  factors  to  some  of  the  undiagnosed  illnesses  in  GW  veterans  by  performing 
cognitive  assessments  with  a  group  of  military  pesticide  applicators  with  known  chemical 
exposures. 
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le  itarframal  ui  nbfo  n*r  ill  iM«W  in  ilMIUIAM  U»i  prrfnrtnaurr  Y#l  im 

UrWvitkOt  HAln  iai(inkuiiMi  irifnoiiaf  n  ibimnJ  hi  a  uniuin 
IhjI  *h«*r  aufin  ntaj.  |e  Jinulni  m « Airf  alrr^pniw*  < >»#  inH^raaam  iimv 

(jr  iImi  <4«W  nwreriy  ulmladii'*  nun  ptorrM  mftrwimwm  itm 

•tT.omils  «iMl«hiwi«MAbl(i*HrMia9i  Uair.Ulfbxjhv  r*>rty • 

■la»  i*tk« 

9*ppuflmd  Oy  a  WnnuH  Affair*  Mrm  Ibtir*  i  .nutt  u»  Dr  Cram 
'  -e»t*|*4i.4rfKe  A>wiui  /araiMiA,  /V'tAm ttrr,  f  •ur*r*in  o/t  ,&. 

:ierrrw.  TJir-yi  V./-3  *'Snrm*int  fir  Son  Tarsv  Ct  ffJ/ifA 

kv  i  n  mri/fvtvW  one 


K.  .StllJVAN.  P.  JAMJLfcM  U  V.  S|  KRFTVJF4-  C  ODMTOIt*  ^ 
(A-  WUfTK.  OuatitAilvr  VVtdlngi  un  i  implex  Hgunr  Dra wring  In  MU- 
•«ary  Pmtirlde  AppilraMt %  from  thr  CtiiTWttr. 

•  Xurrllvn  i.'urrrn*  h>-ja.abr^«  fie  thr  mnimuHi'npiiinr  rpimdanu. 
iMli^  I  srirvini*  Amnkr  *  Mawnrr  ro  niulwiMr  srunm’.xm.nt.  Maai  tetr- 
•wUMunr-  ill#  Via.*  i»  u.  a tint  ik  nwjt*(aiui  ikmunn  rtefrforr.  (hr 
pal  4 iIma  4inh  am  in  rTnlnatr  «hr  rrlaruaMJayi  4  muirt(tir  rhrnitcal 
r.tfjiMtirr*  ami  .  i.umjianaJ  h*nrrima««x  mi  rW  RrvOwrrrrvih  •  .mgilr* 
i  *r*w  Tee  fl\  rntiUmiug  ilir  Ib-Muti  i^uaiManvr  riyv- 

•«im  •«  an*  lAMMld*  iii  ptMkb  m  ui  .Irfnb  .matyvit  4  jej- 

'■oniOif  bi  I  dammit*  ■>  •uiurtum  4U|T«  «ml  |?  .(uaiitatirr  «uW  nf 

eh#  Rtxrnr 

l'axtiri|iajira  ami  MhIukI»:  *>to#ft  ;.u»»r  <uat>  ua*lu«if«i  a  *nlHCnaip 
<»(  t>T  Cw  j«-^ia  nfr  L-4i.it ml  |n.»-ju«fl  ulrti  fnoi  .  largrr  «(utly  «d 
ITTI  .rirtan*  IV-twnlr  •muw»l  [rT  wanil  aerr  diVKlMl  into  •  *naip> 
liaMM  .«  high  aful  ln»  #tpa»ar#  for  (twnrlilr.  «ail  pvruhwriginuK 
hruraiilr  |,||*  r.*rh  Minli  (mnir-tpoor  .vunplrtrd  thr  ROrcr  M 
rowfcive  u>  <imAiH  arWtUArractoo  am!  uamianl  •c.orui*  u4  tfm  Htfirv 
U  «i.«  r.i(.4hr».m|  i  hat  miltTiduaJ*  avh  umtitgil#  ‘*hrtn»rtl  npv- 

«*r*«  ,PR  axmbl  prrfnnn  .ntrufiratMlv  unor  >m  tlir  ifaal 

native  mm»«ie»  ..f  <hr  IKjS’i  «.nn»Mrri|  virh  iriwmi  atihaait  .int* 
rjpialKW 

Rwulu:  Mulnrarunr  analvw.  lUjUfuiH  .ivrrtii  pnx«f.  ihHararr.  ni 
ihr  1I0S$  rimFigtiral,  rUuirr.  ilnail  [Kraov  ar.inw.  ;Jiyrr»iKtil 
wi  ^Maiitairvr  a  ar*  Mira  cvn^anat  rlir  halt  mjhhhi  -  piHj|a  id  IU 
ami  poaMdea 

OanrltMACmi:  THre  >r# Imuiiarv  riutlinx.  HlJCr**.  iht*  imur^dr  rimtt- 
(ml  vtfa^aur*  «n  jeMirafr  .uiitnd  f^rnmnrl  tfgaar  tn  hmr  n- 
•alaril  tn  iiigmirturanA  m  tvooifaiati  f«urfimuug  ual  vM«ial  orinur 
'iiiftrttrii  In  aa  ibjah  •puatam*  M-nrmjr  af  <lr  BOFCT  I'uniir* 

Altai'  e-  mb  m  ianCH  minplr  nr*  anil  IkIo  lo  hint**  rOvTaimr  ibre 

finding' 

L'-orr+fpttniitiH*  Anwbrr^v  .Std/irun.  ^A./i ,  /jaivramaentof  )fr*Jrh. 
fUuUm  f-'iarrraJn  VAmd  a/  drtAno  /./0  V  /hnhA^an  /Ire.  /  /&£-*. 
ffnrM*.  f-mnii  -  oat 
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T.  WCQUvEM.  k  USDAHL  Mf :IH\A.  A.f>.  STlUM'IViHl  KC. 
*L  COHEK-ZJON,  RJ.  .NAGEL  k  ifcK  T 4PKRT.  Effect*  oi  Alcohol 
anil  ASart  fiMna  IHr  During  K4oU-u*ru  r  on  HipfMttaanpal  AJYD*- 
tnrtry  and  Cognitive  Functioning. 

Vlruwrv  ik/kvu  bate  Ik»*«  prponrd  M  mlrk-m*  %tili  b far* 
»bnl*>.  4 a«J  aunfiMlui  iwr.  Tf*  thr  inifjtfO  of  tlir«r  *u|t»taiHr.  ca  l*]i 
porarapal  <Vvr  tojrotrm  mn«wi  trnrWt  la  aibbtam  rrUtK—Jup-  l*r 
ivrni  lUpjMtf  Mujiat  a»Mon»rtrv  nod  vnnuun  funnato  b**r  oof  Itfrn  o  - 
pforr«]  ia  iuImadt*  imolvrd  Thh  *nwh  rvuminrd 

rriai Kanin (»  tmurra  rt|^M  >  Mi  R>L  fcufyx-'anqial  a-iitmKtr*  mrl 
<ofTVW+  tmnrrummw  ro  a *t»UV.  nx!  nan  man*  mitig  aWfwnt. 
f%niri|iiMrt»  and  Mribwda:  Pantnfaanu  >  LV1E  iram-obl  am  Ida)- 
rubti  mutt  •  Ak  2tt  rmniuan*  —d  aba4u4  wunr  ''U-.\k  »  irtw 

and  21  A-urqrrrtjduntil.  Unuiur  nafttk  Ibppoowuftai  aaduinr*  werm  nlr 
tainl  dirn^ii  idiiiimIIi  <natd  umiw d  iiajBifU'  roomier  autfn  AH 
Am*  %rrr  mttrrfrd  afirr  at  irnti  2  day*  «4  aiMfimnr  (nan.  ah  ndnuarr* 
lir*4jk«.  \(«r?  ooatfndWc  (nr  a«r  and  inrrnrraniai  v«iiuna  yrnuj*  dd- 

frame**  in  luyinimn  *<n  xWnal  f»  <OCj  than -torn*  Midna  i» 
vrakd  that  Ak-  torn*  had  gfrawr  lfc»L  mtmanrm  >  <^5‘  tUan  UtOi 
rm<m4>  ami  M#  •  Ah’  acraw,  U*  *b**li  tmw»  1  >11  my  tummy  %a-«4wrv**d 
Aiming  <\*ttn4»  only  imlfanldtmh  *iA  want  fc>L  an tinunn  prrWiartl 
latlr »  Ml  »rrt«d  Iraniinr  (r»  Afl.  fX  •Or*''  wlimw*  mi^hoc  vt-uai  nar«n 
«ay  ywr/mmiarr  «*•  idanlio  pr*Mt  L>R  anVtumrffy  |n»  -  ?H  fxOl  \ 

(  uftrluouii*  \kil»J  u*««g<rr»*evhtiMiiv(grr*irrngltT  vrf-uik/i  ht|r 
pnannal  ■niwnrth  than  mby  ynafi*  IVNamnuillfhlMialnf  lr> 
tat^ai  vrrtal  and  *nual  hkiiko  ami  iuy^H«rnaifMl  ayitnaanr*  %*»  «1» 
nrHul  niKA*  mhiraorr  auv  athar—raa.  nm(aml  fi  mHirur  winy 
•'tuanok  Tlrr  fwaiinf*  •ncf*'  -hftrnrwnal  r|frrt»  ««f  almi**  and  nan* 
tmtrd  numuiiii  and  iW4k4  u*r  *ai  thr  rr4annnak«|>  lr*«h  bi|»- 
yntaittpal  mnrjihimirirv  am)  branwit/  ami  inm ann  j<rtiirtiiv-  * 

<  i<m(ivpihirr  Tina  Hc^irrm  /  I'fWK  XUSf)  Ln  /-V.W  I  Dn*r 
t75//i  >«u  /Afp*.  Cd  WlfW  /.‘ttail  /an/wnihnrii/.nlu 


k.l-  MEDINA.  K.L.  HANSON  \.C>.  NCHWEIVWl KG.  M  COMA 
/ION  *  M.  T^PI'KT.  Neoropaycboiof peal  Functioning  tn  Adakv- 
ctnt  Marijuana  OMTfc  Snbtlr  IMHlr*  Drtrciahlr  AMrr  50  Drr*  o( 
Ahlt— cr. 

Ilhjnihr:  la  nlitit.  aa|n  rMammna  th»  horteHin:  roywivt  et 
fm»  •■(  many— in  m  tktiMMiar  *«AaW  Mttu*  ui  •nnaka.  nmi- 
War  kwwo  mnl  mnwor,  Mnrntt  am  Hraitatainrauia  naai uur* 
ihniufh  aAil/Krnrr  ihrr  mult  •  (ti—  orCrManh'  ytrurrahar  fn  adn* 
kvrtn  marvyuaau  »#*rr*  TW*rlnrr.  thr  pad «»/  thr  pmnn  hi  ah  am  »«■ 
r&aminr  am«nfay<hnkgHvl  fiMKraamir  «u  alwnarm  uiafifaMM-UMiif 
anil  ikiuncrafhtraih  nualar  raaitrtd  a»Mr*m«i« 

I'artinfuuUi  anil  Mrihada-  [iala  %*fr  futtrdad  £maa  A*,  aiuin^ritt 
marijuana  wm  n«.1 1  20%  Mrnlr .  aad  cmMrad*  i*^Vt.  J?%  frmah  j 
Writ  In- 14!  Eutomw  rvJuwmirf  rruma  arJaM  ndrjnujmt  |w>  • 
rkncr-  Iimhrat  and  nrwoli.^r  di-arbr*  S4wwir<  -*r  uifnrnuauui 
and  arwnifwwinln^ral  aaMMicarm*  arrr  iwlhnnl  i/irr-'K)  Antd  a«m 
Mnmt  aUianrmr.  l>(<r«drNi  »aulh.  am  mmfaaii*  wtr*  ha  |**> 
rimaMir  iwiat^aial  tiilU  rwiyiln  aia-urum  *ion  narmtirv. 

» rrUd  l»*i  b—wnf.  rrdwl  flurury  arooraor.  pinning  ami  •rrjwnrin^ 
ami  pn44n»  «ih  mi 

Kmwlia  \firf  roarrolimc  fer  Idmirr  almhol  u-  ami  grttcin  a^4r*- 
mit  iwniuauA  u«*r*  Arnrwrraml  Mpwfimmii  |MHvrr  plainuuc  and 

njinKin;  abtbn  (P« -.711  f*  OCC i.  nnyin  acsmrum  ;(S*  *  JT. p<  CC».. 

atxt  akftf  |i*vrhniiuiinr  «tarrd  !|U  •  *>  ik«n«i> 

(rajilarallf  wuaUr  mmcreh  Sw ngmfr am  gtiwhf-U  gnay  mirfannn 
am  dMmnt 

r—arinaiama;  TV  ifroml  patlrm  M  rr«ui»*  ui^rmit  tliai  nnthrr 
•TO  liat*  *4  mnmrimrd  akwrvr  ad4r»nin  wtaTijiuiiM  nm«  n>»- 
imu(  i»  •Inm— *ra*»  xiblr  iWinn  la  |ii*rauair  •ml  «e«|ururang  nan 
awanai  M«d  |ia*rtMuiaa«if  Ijnil  rmtayiawd  In  imti  tn«muiMi* 
aainy  Irani*  Tlnn-  llMniuaiia  un  itnniif  *mn  n-pnnrl- 


iroyuri  nriimaauwyrMMHi  aoil  •a^iurnr  Am  tiny— rm  InaydiramNii  ir 
rhadr  iV  ur<r«l  (nr  y^.r  Jru»du>  mun  aimrd  t  tnfnrm imi  adakatmta 
ami  |wrmt«d  thr  pmrnnal  Wmg-trrm  rrynimT  rnparayarnrr*  o(  Vav< 
nunf«ia<  mr.  ••  atfl  a*  Umetnwlmal  Hurtar «  to  bHy*  mb  mat  jn» 
itMMlnd  «Aaru>n 

'  -um-faaHViw  *  Amta  L  VnAmt.  /%//_  /ViTiWmri.  Lwamth 

Akrauu.  \on  /Arjm.  .13.50  to  Jvfii  i  >(u\r<  ftru-r  (iMfy.Sua  Ihrpt,  C4 
*GtUl  f  -mwi  i.‘m>vJU-io«u.riTnA. 


A.  I).  M^IhUNNHlHC.  K.L.  MLOINA.  1  IKty/KEM. 
«.( .  SCHhUNSBl  HC  A  tUTJrr.  An  FMRI  Study  oJ  Ri^ld 
ual  and  Itruviinj:  Abnormal!  Ora  tn  Adolrvcrni  Marfiuana  Uwrrv 

(Ni^rtiar.  Vmrrl*  augrrai*  imtsrn  fa*u  dr  nrur«*rtj«uujsr  iiujkmi 
•4  marifuaiM  u«  avlai  ■  namcli  <d  aUuanm  aimuig  xhabi  Hr  jm 
.awtli  liriMiMialrd  ahrml  iumtiiaul  inapair  rraaaianrr  imafuif 
ifMW  rr*y<*K  an  iptal  amiiny  awnmn  'SAM  ta  Vn>  mar.- 

ftuutH  nunc  .'Mi  I  widrMrma  aim  'ill  da*>  id  alMtMnarr.  im  tin  aiflw- 
rorrul  rrcewry  <4  ur  hat  wt  »h  tana  in  dread  tn  tiua  uarh 

•»  nnnyiaml  fMKl  rrapaanr  iVamy  si  M  trtami  MJ  iw  %wli  hrtrl 
anil  Hiauard  thirarum*  *4  ab*cinrorr 

Eaninpaai*  and  MriboAu  l'anx-fitam »  •rm  IV  11  rran  old.  in 

.  t*  MJ  irrn.  (S9%  lr„ia>  » U M  mrvl  -I  a  (»WH I  Am. 
t*w>f  to  “awime  I  Mi  main  ami  15  V|J  wn-  l  iT%  InnaW »  arbu  Imd 
hrrii  nlr.iitsri»l  |ar  ai  Inm  2*  i  mn*n«5‘.  ilaya  'MJ •  alnumaa  i  rnaniyM 
arm  uaalir  na*  .Irun  >rrnfJt*  amt  idalanrr  u*r  eUataorrVatir*,  and  had 
Ta.  Jr-. wluam.  nr  nmhi  ai  AVtaabr.  Irrn*  jrrrVnnrxi  a  hH  M  ilur 
mg  £MRI  arrymtannn 

iVmtlia  jtrrfnrmr*)  ««Kidarh  <ai  llw  SlU  Lnl.  Ihh  MJ  rr.»m 

•hataml  Hurt*  (Still  irtyrm-  m  Mi  njrmr  and  nv-dnl  pfrfnauat  cac- 
tirra.  hdalrral  aaaulo.  kfi  awyjrnm  irtnywrai  om,  and  ngbt  mpmor 
lianrtal  rnan  MJ-«A»i«Mtnai  had  aurv  rnymr  tn  »hr  nght  pcrrrnrral 
p-nn  iflwnm  >  l^y.wnnahm.  |*  <  05 1 

i'nnrtuttinaa  Kr.«itt  tlrnt  tint  r^ftn  nmrajuam  —nf  akOwmi. 
htr»»  iMtrr  brain  **(«■>**  iUm.  ai.tnttna  wm  iWuy  a  ajnnal  murk 
rnr  ronmory  La*i  Tbtai^h  rratM-armnaal  tin-  muVne*  ruukl  uiefr* 
b*-  i  i«nmait»n  mnl  irtpmt*  w  ihr  liram  «4jua<  n«  thr  Antu** 
•4 aawijuaiM  tlmmgh  »arf »  altHinnorr  l latcauduMl  atmbra  am  imainl 
w>  tlamima  iV  jart^nud  nranl  imarri  «bjriiHl  -arh  «hMinrtN» 
I nan  marttnam 

* .  rrrra  |  •mibirt  liar  ill  f>.  .VAmrrnaOtirg.  Vi  /*nrAa»H*£i .  1  iUirrnn 
«y" CtbUbrmv  Son  /Arp n«.  M  Saw  /Arm  /(mAh  ur-  >ywn*i  tiJJ).  JSMf 
Ut  Min  Ulhr* r  ffrtir.  .Sma  /Arpa  C*  <5.W-  /-taadi  uarWina/uirsA 
nnWalu 


k.  aUI>AV  M.  KKIM9QU  1  HloMirsov  (  a>%HOLs  A 
a  WKfTK  Lojjahlw  tuiictioeuo^in  IMS  Mar  [Vderam  Kxpo«cd  to 
IVUkhW.  iNthknugmim-  BmttmSr  and  KhantWyahWcmyajm  Drprn. 

O^tdhrt  4)r»r  ibaary  U*  ibr  tnpiwwml  brahb  rnmfdanM*  an  I 
•  rwrau*  a  lb  •  ••ulmiMinn  ui  niidnjiir  daiuirai  n)man  71  ir  pal  «4 
thu  wady  an-  rvalaaw  thr  ytiaiauthij-  *1  dr  imuhaiird  rtptmi t-. 
«l  imtiridn.  inndaupnar  briutmb-  Tfl  amt  amnti  mi  dr  rtpmria* 
(unn tuning  <4  (A  I  *rirTan» 

1‘Wltrtjuua*  and  Mwlbodar  Nall  jwur  i|mn.  <mW4  ■  unapr  fniatj 
•A  100  |i»*uniV  riaimd  proramH  Imm  «hr  (IH'  inrluVr  pmonrir  «jk 
|4*«iiif<»  hpketpMdl priKij.  *tv\  jartmrrvr  wmhriar  ty^ialt-.  Urn 
Myr-trd  gnaiit :  i^athMmh  jtafttnjwaui  r«aaw4rtrda nai^arhritMtr  Ini 
irn  of  Orurtrj— *.viK4u|Val  trail.  inarbuL^iral  uMrtAtra*  ao-i  lirakii 
anjilaii/njamfr  aortwriti  (pnimiuum  It  a Nyjaahr-turtl  that 
■nHnuml>  arwli  h|i  f«r*r»nib-  rijawarr  atd4  |*dami  xpulrcul. 
»uf«  mdfaanr  mnirm*.  itwniM  gnaapn/t.H  naiunry  jmwnan  »nli 
hm  Jmnmb  rtpNirr  It  ».*•  a)-.  )|<  I«jm-«i/rvi  iluz  amhiplr  dkniod 
r\|»M*ut*  -  'PI’.  irHtnalr*  mw  aitahl  jmar  ao  Ik  titmvorr  ml‘- 
rt.li til  it-  til  ir«nv*  mi  tin  Kami  ntfniuar  faawrtiiwiuig 
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Thirty- fifth  \titnxtf  /.VS  Ifri rfwijf  itu/rrM'H 


11 


Kmuha:  ?fHaranin  rrniti  tuqywil  1K.11  imfc*  who**  ▼vh  hi*b  Ml 
uni  |#t«vir  r^iwm1  «hn  «m  ■«!«•  m  rV  Khan  am  »h  nvapngs 

4qmi  <lNniiuMM  «o4  f  m  mm  (mn  thr  rt|ilrtMMki  i 
dwrr  f»»ofh  oa  i r*a*  m(  v>~— pinai  ifnruMa*  •  tiuutMtu  iHfl  ami 
ttMMnfMUli  fn  iii  than  ihr  I Mr  r*p unatr  crimp 

<  4ni’liwlMMi  Tlirvr  |*rrhfmiur>  limOn^i  •»CXr"  itlM  KkMftpJ*-  ebnil 
•fti  r%jMU*M  III  ibr  (W  •kettle  'UaY  Hate  prsnert  ->  «• rr*»*«K  Mill  IT 
Mbnl  Hi  MifwinoNiu  «  rtMaM)Mi*l  luiinlnoai.  Mm  fimiiu*  4  twi> 
«(Mm1  luMiiotiinK .ir^n  a nauuvni  wiU  sIimi (■»  tirm .IWimwHiJ 
•till  etbrr  Louvn  iKtm«iimnti 

i^n^poiHkiw*  Ar*ri<Wv  WAi**h.  )***,IX.  (jirt/wm** rai  HraOk 
8«fnn  /.’«•  «if/v  'v  W  -V  «u»,  WS  /Ar.  AV4'i«r*iv»  Irr.  U^jS-4. 

s+4t+n,  1(1  f&f.'Vp,  £  mmt  V«r//liWf«w.ftti' 


CEHCY  \  H_M.  *  VMtMUt.Lf.fL  A  Caws  of  Conpiltiw  I )yv 
function  Auoourd  with  Elemental  Mrrrory  Indention. 

i  tfijro-il-vfn  tn  ilwrttbr,  m|{tiiiiw  'Ji  ilwrium  mwvtainl  »i»li  rlniiraiii 
mrrTurt  *Tty**ufT 

^imiri(uni«  ami  Mfilmlk;  V  Kl  wnU  i  airam  nun  ttiih  n  hi»- 
!*ey  i»f  .timlmi  dependence  ni<me.l  eir—mcal  atrrmrv  *•  a  ttmrtiir 
t*  on  re  <  Hi*  knaQ  ftrw  i.hum**  o  (nr  tnewuri  injpviMat  4 

mnoth*  pnr* •**#*!>  Me  im  aruh  peo-unaUm  ie»tm  «ml  »ov- 

<i aarr  •  fcri«»<*%  PiinHiih  .hwhargr  xivai  •InkmaaMi  Vrav*  .ho%id 
gradual  lull  wemnpirse  1‘UntMmer  id  lurrrvry  fnmu  tUe  .vAtt  Vhawnee. 
•Xmunr  iVn  X  r*y  ihuaeit  n  nkwr  uf  ;nuimir  nvlH^wfjr  niMnul* 
m  the  piMmnf  W»rr  Ud*r  iJ  ik  njhf  iuu/  NmauK<tr  nJ  rvumiiklun 
imroiril  nc  <  liarvunHn  nidranr  ill  inm*nn  intmuMuit  PBuvl  rarr 
mnr  Irvrh  prafcrd  *La|«  !04»y*  idfc  item*  mlna***«»4ttd<irei*ne«f  thne 
after  mw  wrrrury  level*  wir  W|k*<  ai  Jtwfeaqrr  Bknli  «fw  %rd  a 
aitm  •»/  iiimK4iU  ^aairfHl  to  1*  — wnml  *kIi  *  WMiovr  il*r 
(mriMi  CT  'd  the  limil  hu)iJ  mnipbv,  Qiw  the  hniury,  hr 

umWnvm  mitmiiiiim 

Ne*iall*i  Neamipf  rhubgir  ai  n  niuaut*  nrvrtoed  ilrfmt*  mou  prtvoi 
un/iie  affecna It  rt Knimv  *prti  Aryjbantv  Mid  Inpom*1  tuiuhitaM 
■VTtMonr*  flurnn  ei*uo*paiaai  }*»i*v-»iu«.  ad  rrmil  mrwon  Im  Tuual 
wad  Inv  iYmru  irttui  material  «trr  alto  dTrrtixl  BrlupmnAt.  affrrt 
ana  irritable  ifwrh  uilumr  «•»  — avaunt  umi  them  *iu  m  imU  uyt- 
irt-nwian  awn  um« 

i  ofwfuaMMi*  fWiriM  mv  la  annbuiahir  pnmanh  «»  'ktm  aimiml 
•Imw  }  ievimiai  «ir«vurv  rvpvAik  •»  mm  rrmhl)  *b**itni  lit'  ihr  f.l 
wr  mill  iW»  m  null  ibr  bimd'faniui  lanw.  Huy'a  *x.  m  *Jn» 
nnr.  uirrvtin  n^atraily  wtlmtlunl  and  -am  luhikL  WfYun  vafnr  n 
!f|w]‘aMir  ami  traiU)  •  iwm  iW  I4.««4  tyrant  lamrr  MumArr  hi||i 
afinr  ami  bknl  amyrury  ImK  w  fauaii  Tbnrrforf  nr  «iw  ihjt 
uwrrun  uxnxa-aiHMi  «uy  krf  fcarii  «  1*ru *  Mmtnlmruiv  m  ihr  |m 
woi»  omnwif  dvtfonrtKMi 

•  um^iwimi'i  Sftrt0  f*  <  *vr».  /1/>,  /*i%riW%^  />rrroo»i  .Vnr  /i>r4 
y+irm**  \ ifinft  Vnwa/  f’mnnr.  A*m*  !4iili  elfj  £  jJrrf  Strm.  VV 
Vl  /OO/O  f'-mil  *irmi s*t*ii*mrrijTX4n*< 


l.miorrinr  DiMnnlrrWllarraun*** 


Lit  HI  BIN.  ILL.  MOffDCCAL  M.  H.MXOXINfL  i.  FF.U.ttCRlMO 
k  PAL  V1\X1.  Ellecuol Ovarian Sctrold  llormonrfcunllucnponmu 
ai  Phonemic  fluency  In  i^mmo^auui  Women. 

Ufcjmhr  Rurarrh  ilrmreumrnii  u  fnmK  nb  mii»c  no  ifrtal  IW 
racy  tui'i  and  mitan^rd  jHrrirenMnrr  <Ummc  -W  nuidaaral  Iweh  ee 
rnH(ea  and  paoceMrrmir ,  pimp*  of  ih»  iwnaruai  ^yHe  •MggrM*  <hai 
ran  nlimr  serhal  (Wtic«  TVd  cngmuvi  |»cim  **»*-%  iHai 


<am*A  <'if«Lin  tlila  rrin«m>*h»p  aer  mikaimn  Vrrtal  fl«enr»  ia«V» 

am  mHumoril  «iV  tan  pwr.^1  i|«4»finN  artWMHtr  tampmai 
(wr»a;  ami  •*!»«- Imur  n»Kmiki  <i«mcai  pna^n*'  **+  «xam*msi  dime 
arr«M  c he  inmatmai  eyrie  aail  amii  ncai  wi -acepcne  QC' 
me  T-aal  amr«L  an«l  rlneiey*  »Mf  npmnl  ki  be  ^niiaiK^d  danne 
ihe  iiuilimeaf  ixmyaeMl  »W  hdlaula/  fJiam  Um  eveoam  Mid  feo«- 
••imief  i  foe  miH'OO  mm  (ami  ihai  0<  »nhae«.  rinfroimi  m- 
>wyii  Imii.  •nptwr  |ml(4uiMirt  «w  rrnaJ  +*€*U  Kh»  *Ajnenmi  fne 
00  mm. 

PaeiMipalU*  altd  MrtKoil*.  niw»h  »iuika  mn«  .  and  19  tmrn 
•n  <m  <  M  -  .-Mt^drtrd  wriiai  (Vaniry  imi  during  t|»nr  wfcitral  ami 
fuBttitier  i  Stanxiir  mrM««ira«  urludnl  imal  *unl*  g*u*r 

mnm  Wu-imur,  mid  tmai  iairrl«m  imi  phocmair  flunsrn 
RmiMK  Vi  1'ipened.  l  et*  pMkdi  iw*i  Mn»rdn  ami  i«wlri  than 
NniHiwr*  (-uuaaer  4«i  preibcnuo*.  weaern  eenenard  more  vnaijU  and 
Imjttt  r|u««rT«  .kmuc  MU*  uIm  r«Mii|»Me«|  1*9  ihr  umfoaml  I  dune 
TV  |Wm«e  effect  m  j*i«mh-iiu.  divmn  am  iki  Wwuc»l  evKIetif  mi  Hi 4im)i  ■ 
—  *  -a  aftuui  (»»e  dmiatm^  £.*0*1*4  •utrton t  avii  ram  tuna  »iunna 
Uah  |4tairi  m  Yaminv 

<  Ut»«iu4ii>si«:  V*  |rmi«-tn|  I.X  if.rt*  thnami  mJaaTii  verbal  (tw- 
eort.  Itu*  thr  p-ittma  c4  riian^r  arnm*  the  oeir  aut  iifipmitr  pert  la'* 
I  ana*  U  mni  lie  that  iufb  lfm.  ••(’  emlncrnuu*  |mtfrmertatr  arr  » 
•onnwii  *nb  iWsteuNnl  .erbal  <V*nao  ami  .|rcrrme«l  tiayiool 
tmnrimm 

i  >are«(i««mieiMe  A«Aut,  If  i..  ftifiunrviwrf/’orAakji.  f  **#• 

rwwn-  -vy‘  A'Arm w  ar  <  •vmyv.  '</J  >  .V„  W  i  Vtw  /f. 

i.'  •am.1'  //tiVdJrairAjwr.  rtfu 


WfUGHT.  ft  CIOftlMNI.  S.A.  lANCEKECKIA*  BIM). 
K.  GIIIKC.  KM.  imtcKVK  ».1»  I.ONIS.  Di.  MJITillNCAltT  k 
M  A  >1  \HhVI  VN.  Cognition  Fottcmtuy  Succ«*fui  Surgical  Iroer- 
'.mnno  of  Cuahlng'a  Disease. 

*  u4aaj  •  •  Verne  Cl)'  (mavin  the  ■yi|ertunn\  •••  imeai 
pr  tK*  rflfvti  id  kipTnenMiMm  m  *r||  m  ll»e  pmettimi  mirwd «/ 
i lew  Hfart*  Wiaati  ir»  im*ru»  |Vy  ii*a4>.  we  dotKamraini  napnr- 
ineadi  wi  e%ecvft)ke  fiminxu  «tid  \etKd  and  s  «*usl  Iranaaq  its  a  xnugi 
of  CD  [MmiK  |iraa  ui  mrb«d  narrvnima.  For  ilia  *Htd*  »*  "mu 
(arH  pae<  mipai  ictAntunrr  a  iW  •  \»etmiie  .Immuu  aith  jav  ■ 
IrttuaiKr  ,il  «l|i  lit  IT*  itamlb*  MUsm«  mmmful  i— gtf\  %'e  I'Hpntb- 
mmj  1 1  ml  CD  |  mI  i  rat*  suuki  'hniaUrair  ua|tinnrei«o 
arr\M4  thr  namtur  tinman**  mrn*urr»l  m  *  *mi|uinl  u»  their  perfuetM- 
iinn-  prmr  in  ^nrd  aanvennna 

PartW-lpaiui  ami  Mfthmhi  T*wMHSii<D|ieriii*.  *r*J  (iw.»9.  rr- 
c  envoi  the  ant  I  mil  err  of  n«-«vaf  ••tchoknocal  loemo ees  |i«r-  aiui  |>*m«  - 
i  mi  »|  dim*  a  •  la  I  *ortef>  VMll  retm»***i«i  of  ti<q*ef>on»«4l«ta 
Wr.utu  I  wny  repeated  r*e«*urr»  VM)V\.  *r  f  -iwl  '.liiai  pattern i 
•lmat«»*irsie>l  .iffufirast  aa|imsr«Mrui  «ai  ama*ur*M  >4  verba}  ami  vi* 
•ual  Irumnac  fniksiaf  tarfiral  initortusm  ill  p  <  U.%1,  i  uuiunti 
auh  rmtitrr  limtap  in  ugi  (toup  ^Vumhvi  of  etmimv  fniwtiraiintr 
•lei  imm  tiynfraaly  iMtptoo 

I  anWaiMinc  IVw  fuvhn~*  •••r^r  <hat  nor  a4J  •  ngtumeK  im^auretl 
atrm  it»f e»ne  at  «V  irwMiili*  fnfioainc  «orreMtnd  mr/m  Yane  area*. 
«a*eh  m  rs^move  fiuw  turnout,  mat  rale  Wmcer  rn  (rnner  nr  never  im* 
jrfwt  Hie  lu|i(miiifHi*  an  anta  ihjiw  «rt  clmttrtielHmii  mtpim  acid 
unpnttaitf  fur  r.miiti  fnmtamutc.  may  minnnnri{Utfilt  than  t* her 
ter* mm  *4  tiar  hrasa  fai|*atti|  anptwtvmesa  id  mCtsaii  level*  i  tlhrr  ar* 
»ai  id  the  •us.n  •!*«»  »vli  m  ilvneiinv  mil  lecepioe*  and  aMocmuxl 
•nk  esermiir  fuiciNtuiu.  •urh  m  pefnaml  (Wto.  nut  i*t|aotl  *o 

mhared  njnhU  inme  dim K  IVertuml  im*lilirri  <df*>*t  *a«nts‘al » haa^r v 
•mintlmg  •lrpae«t*ai  l**>eL  agr.  ami  ume  mutt  tiraunmi  hit  e^ikesd 
•  .err^-Mrj*iat-  vm  nWfM.  PtLi),  Frseiht/rn  (  aarvmrvif  Uvh 

fitH.  2203  S.  /hrfnrt  Pitry.  I  m*  t.  Uoi  frhor.  Ml  #V/(hl.  &m*il 
nteiWn^dia  »/.  naii‘|r  nh 
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